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 This study examines aspects of movement and mobility of hunter-gatherer groups 
in the east central Great Plains during the Middle Holocene, between 8500 cal and 5000 
cal B.P. Few published reports detail archaeological assemblages or address features of 
prehistoric mobility in this subregion of the Great Plains. Current research on the Great 
Plains emphasizes bison procurement and low regional bison mobility. This thesis 
presents interpretations of hunter-gatherer mobility based on examination of chipped 
stone assemblages from two Middle Holocene archaeological deposits (the Hill and 
Simonsen sites) in western Iowa. The resulting analysis demonstrates restricted hunter-
gatherer mobility within this subregion, with similar geographic range to that reported for 
Middle Holocene bison herds. 
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CHAPTER 1: INTRODUCTION 
The Archaic cultural tradition in North America encompasses thousands of years 
(9500 – 2500 B.P.), yet there is very little published data concerning this period; 
especially for the Great Plains. Throughout the Great Plains, and other regions across the 
world, a climatic epoch known as the Hypsithermal (dating from roughly 8500 to 5000 
cal B.P. and characterized by periods of extended drought, elevated temperatures and a 
decrease in effective precipitation) altered the landscape and impacted plant, animal and 
human communities during the Middle Holocene. A scarcity of archaeological sites 
dating to this time lead to the interpretation that the Great Plains were largely abandoned 
by people and their primary food source, bison (Mulloy 1958; Sheehan 1995; Wheeler 
1958). Both humans and animals were thought to have sought out refuge in the slightly 
cooler, wetter Rocky Mountain Front Range (Bender and Wright 1988; Benedict 1979; 
Sheehan 1995). 
Throughout the mid-twentieth century, Middle Holocene archaeological deposits 
were discovered deeply buried, primarily via construction projects or opportunistically as 
cultural materials eroded from stream banks. Earlier ideas of abandonment and refugia 
were soon dismissed as archaeologists realized that the seeming lack of sites was in part 
due to natural geologic processes that buried many of these sites beneath many meters of 
sediment (Artz 1996; Mandel 1995; Meltzer 1999; Reeves 1973). Yet, of what little 
published literature exists on the Plains Archaic, the Middle Holocene is often 
underrepresented in regional overviews (e.g., Kornfeld, et al. 2010; Wedel 1986). 
Because of this, the lifeways of the hunter-gatherers in the east central Great Plains are 
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poorly understood. There are those that argue a broad-spectrum foraging subsistence 
strategy was adopted (Kornfeld 2003; Larson and Francis 1997); others argue that people 
continued to rely on large game, such as bison (Frison 1991; Widga 2004). But just as the 
Hypsithermal did not impact all subregions of the Plains uniformly, the human 
adaptations during this time were not the same in all places. Large regional summaries 
will not further our understanding of the hunter-gatherer lifeways in the Middle Holocene 
(Hainlin 1992; Widga 2006). Rather, we must first begin analysis of smaller areas, or 
subregions, so that contextualized patterns in behavior can be discerned.  
In an effort to detect such a pattern in hunter-gatherer subsistence strategies, 
Widga (2006) analyzed the faunal materials from Middle Holocene assemblages 
throughout the eastern Great Plains. Because bison remains were prevalent at many of 
these sites, it is clear that they were a major resource during this time. Widga (2006) 
argues that a key component to understanding human subsistence strategies and lifeways 
(especially for those groups so reliant on bison) is to understand something about the 
bison themselves.  
Through his research, Widga (2006) discovered that while other faunal remains 
(deer, turtle, bird, etc.) were present at many of these sites, bison dominated the 
assemblages, highlighting their importance to hunter-gatherer groups in the region. 
Additionally, the bison in the east central Plains (western Iowa and eastern Nebraska) 
were found to have grazed in much smaller ranges than previously thought, possibly 
within a radius of 100-kilometer area (Widga 2006:216). Widga (2006) demonstrated that 
bison herds were locally available and substantial enough to support the low human 
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population density that would be likely in the subregion at this time. Given this heavy 
reliance on bison and their smaller geographic home range, it is the goal of this research 
to use measures of mobility, based on chipped stone artifacts, to model the range of 
human movement during the Middle Holocene in western Iowa. Mobility and movement 
of human groups can be measured by looking at modes of lithic technology, sourcing raw 
lithic material and through cortex analysis.  
Two Middle Holocene sites in western Iowa (the Hill and Simonsen sites) will be 
analyzed in the following chapters. Chapter 2 considers the geographic, cultural and 
paleoclimate background of the east central Plains subregion. Chapter 3 introduces both 
archaeological sites and assemblages utilized in this research (Hill and Simonsen), the 
chipped stone assemblages present at these sites and the analytical methods employed in 
this research. Results of this analysis, as well as a discussion of the important findings are 
discussed in Chapter 4. Chapter 5 offers concluding remarks and suggestions for future 
research. 
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CHAPTER 2: BACKGROUND 
Introduction 
 The goal of this thesis is to establish whether Middle Holocene hunter-gatherer 
groups in the east central Great Plains had geographic ranges similar to those of bison 
herds, as evident in lithic assemblages at Hill and Simonsen archaeological sites in 
western Iowa. In order to interpret cultural material present at these sites, in light of 
current research conducted in this subregion, several theories and bodies of reference 
knowledge must be considered. This chapter offers the theoretical framework upon which 
this research is formulated. Additionally, geographic and cultural background 
information pertinent to this study is provided. 
 
    Figure 2.1. Location of east central Great Plains (map inset) and Middle Holocene sites   
    mentioned in this study. 
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Theoretical Foundations 
Bison, Patches and Prey Choice 
Models of hunter-gatherer subsistence strategies and resource area selection 
provide theoretical structure for analysis of human movement and mobility. This study 
relies on the fact that hunter-gatherer behaviors are influenced by the need for food, water 
and other resources, and their mobility reflects these needs. The prey-choice and patch-
choice models consider these needs as they pertain to theorized hunter-gatherer group 
decisions. 
In the prey-choice model, it is assumed that hunters will ignore prey that is too 
costly or does not provide sufficient benefit compared to the energy required for resource 
procurement (Stephens and Krebs 1986; Winterhalder 1981). As evident in Middle 
Holocene site assemblages, prehistoric human groups preferentially exploited local bison 
herds. Prehistoric hunters ranked bison as their primary prey, but still took advantage of 
smaller animals and plant resources located within and near water sources (mussels, 
waterfowl, turtles) (Widga 2006).  
Bison are an attractive resource, not only for meat, but for a wide array of 
resources (i.e., hides, bladders, marrow, bone). After the megafaunal extinctions 
following the end of the Pleistocene, bison were also the largest animal available (Bozell 
1995; Frison 1991; Widga 2006). Additionally, bison cluster in herds that would be 
visible in the landscape. Considering the prey-choice model, hunting bison and anchoring 
human mobility and territories around known bison herds would make for a sound 
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subsistence strategy if bison herds were 1) large enough to be visible in the landscape, 
and 2) remained within, or predictively move about within, a known area (Widga 2006).  
 Accompanying the prey-choice model is the patch-choice model, which considers 
the geographic location and extent of a territory used for subsistence (Widga 2006; 
Winterhalder 1981). This model takes into account the optimal space that encompasses a 
desired set of resources. Like prey, patches can be ranked according to their overall return 
rate (Kelly 1995). For instance, none of the Middle Holocene-aged sites considered for 
this current study are located in an upland setting, but rather are directly adjacent to water 
resources. Assuming no preservation bias that privileges lowland locations, recorded 
Middle Holocene sites are typically located directly adjacent to well-established 
waterways, which contain productive riparian patches with a variety of available food, 
water, and often lithic, resources. Although the overall population density may have been 
low, packing the existing population into smaller geographic areas (surrounding well-
watered streams), rather than groups scattered through the uplands, may have artificially 
increased the population density with time (Benn and Thompson 2009). This artificial 
population density increase, along with assumed environmental stress caused by the 
Hypsithermal, may have forced prehistoric hunter-gatherers to affix themselves to the 
most productive patches, reside in residential camps within the patches for longer 
periods, and/or develop methods of production for more intensive utilization of existing 
resources (Benn and Thompson 2009). 
 After the Hypsithermal, a number of late Archaic sites appear both near 
waterways, but also in upland settings, possibly as an effect of the stabilization of the 
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climate and a return to near “normal” temperatures and precipitation. Spotty resource-rich 
patches expanded back to the uplands as favorable climate allowed for a hospitable 
environment for plants, animals and human groups. Another plausible explanation for the 
“sudden” increase in archaeological sites might be ascribable to increasing human 
populations and/or increased residency at sites creating a larger archaeological signature, 
or natural geologic processes that allowed later sites to be more accessible to 
archaeological discovery (i.e., not deeply buried). 
Current examinations of Early and Middle Holocene archaeological sites in the 
Great Plains focus on bison procurement and regional bison mobility. These studies argue 
that prehistoric bison were an attractive food resource and part of a low risk subsistence 
strategy owing to their predictable and reliable nature. Below are descriptions of two 
regional-scale studies of bison kills that corroborate these ideas.  
To understand the prey choice and harvesting strategies of Paleoindians, Hill 
(2013) analyzed over 100 bison bone beds dating to the Paleoindian period (Cody 
Complex) throughout the entire Great Plains. Kill sites containing a relatively small 
number of bison (n<7) were the norm and were found in a variety of landscape settings, 
during various seasons and in differing geographic locations throughout the Plains. These 
factors indicate that these kills were likely from a single-family group or one that may 
have included extended family. Larger kills were only possible when bison congregated 
into sizable groups during certain times of the year, during the late spring through early 
fall (Hill 2013). These findings indicate that bison physiology, herd behavior and 
movements were predictable enough to allow hunters to develop a systematic strategy for 
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procuring bison (Hill 2013). In other words, considering the number of and patterns 
observed for bison kill archaeological sites, it is evident that Paleoindian hunter-gatherer 
groups were able to rely on bison throughout the year because bison behavior and 
movements were predictable and dependable. 
Hill (2013) presents an evaluation of bison kill sites that date prior to the Middle 
Holocene; however, the data can still be useful here. His study demonstrates a pattern of 
prehistoric bison behavior and human knowledge of this behavior, which offers bison 
hunting as a successful subsistence strategy. 
 Widga’s (2006) research on bison in the eastern Plains establishes the fact that 
despite the increased aridity and rising temperatures, sufficient healthy bison populations 
remained in predictable localities. Strontium levels in bison teeth found throughout the 
eastern Great Plains in the Middle Holocene verified that bison did not graze over as 
large an area as previously thought. Early models of bison mobility were based on 
historic and ethnographic accounts recorded post-contact. These portrayals were based on 
bison activity witnessed as a result of forced migration and movement of animal and 
human groups after European arrival and the re-introduction of the horse to North 
America (Widga 2006). 
For the two sites (Hill and Simonsen) chosen in this study, Widga (2006) 
concludes that the bison grazed within the immediate locality (approximately 100 km or 
less) from where they were killed. One bison from Simonsen had strontium levels that 
indicate it grazed on the Des Moines Lobe (roughly 20 km east of the site), the other teeth 
from Simonsen contain levels consistent with local loess deposits (Widga 2006:168). 
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Formed during the Wisconsin glaciation (12,000 years ago), the Des Moines Lobe lies in 
north central Iowa. This region is characterized by rolling hills and remnant wetlands, 
most of which were drained historically. The single tooth analyzed from Hill signifies 
that this bison (during time of tooth formation) grazed on land with sediment just outside 
the immediate locale of the site, but within the uplands of southwestern Iowa (Widga 
2006:168). 
These two studies clearly demonstrate that prior to and during the Middle 
Holocene, bison populations remained a predictable resource within relatively small 
geographic ranges. In a grassland environment, these large animals would have been 
visible on the landscape. Considering the prey-choice model, these factors make bison 
procurement a favorable subsistence strategy. 
 Current research conducted on bison behavior and mobility has contributed 
significantly to the understanding of hunter-gather subsistence strategies and provides 
examples that affirm the prey-choice model. Bison herds themselves can be viewed as a 
resource patch because they were found to graze within a somewhat limited geographic 
range. Combined with other locally available resources (raw lithic material, water, etc.) 
bison would have made these areas more attractive to hunter-gatherers.  
Hill (2013) and Widga (2006) demonstrate that bison were reliable, predictable 
resources that were preferentially exploited, as evident in the archaeological assemblages 
explored in both studies. Theories suggesting an introduction of broad-spectrum foraging 
as a subsistence strategy (Kornfeld 2003; Larson and Francis 1997) during this time in 
this subregion do not appear to be accurate, at least for the east central Plains. Many 
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Middle Holocene sites do contain faunal remains of smaller animals and plant resources; 
however, bison make up the majority of these assemblages. For the Middle Holocene in 
the east central Plains, bison remained the primary food resource. 
 
Lithic Assemblages and Mobility 
Models of prehistoric movement and mobility can be created through analysis of 
the lithic assemblage present at archaeological sites. Types of tools, utilized flakes and 
debitage, as well as the specific lithic raw source material and cortex analysis are key. 
Most theories on lithic technologies and movement of people pertain to the Paleoindian 
tradition, while very few focus on the Archaic, let alone the Middle Holocene. Since 
published literature pertaining to lithics and mobility in the east central Plains during this 
period is scarce, a discussion of general critical theories on this topic is presented below. 
These theories are crucial to the research goals of this study, which are concerned with 
determining hunter-gatherer group range and mobility via lithic assemblages. 
 
Lithic Technology and Site Function 
 Often archaeological sites are classified based on site function and activity. The 
most common site types include habitation sites/base camps and task specific field 
camps. Base camps and habitation sites are those in which the entire group lives for a 
period of time. Wide arrays of activities take place at these sites and are reflected in the 
diverse amount of material present (artifacts and features) in the archaeological record 
(Chatters 1987). Conversely, field camps are utilized for specific tasks such as bison kill 
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sites or other resource procurement sites (lithic quarry, root/plant processing, etc.). These 
sites are typically ephemeral in nature and contain limited cultural materials and features 
that reflect the specific activities conducted at the site. A number of Middle Holocene 
sites have multiple zones representing repeated use over time (i.e. Logan Creek, 
Cherokee Sewer). 
 Most of the material used in daily life during prehistory does not preserve; 
therefore, archaeologists must make assumptions based upon that which is present. 
Simply by reflecting on the type of raw lithic materials and the type of tools (and other 
cultural material and features) present, much can be determined about behaviors and 
activities of those that created the site.  
 
Lithic Technology  
 Lithic technology can be used to see differences or changes in mobility strategies 
(Kelly 1988). The type and degree of mobility of a group influences the organization of 
lithic technology employed. When raw material sources are unknown or not immediately 
available, mobile groups must transport sufficient amounts of material to meet anticipated 
and unanticipated needs. The stone carried by mobile groups must be capable of meeting 
the needs of the group as they traverse the landscape, and be light enough so as not to 
burden the group with high transportation costs (Kelly 1988).  
Binford (1979) establishes important distinctions between types of tools in 
archaeological lithic assemblages. Tools can be classified as either expedient or curated. 
Expedient tools are those that are produced as needed with little or no further 
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maintenance of the tool. These tools are used for their intended purpose and then 
discarded. On the other hand, curated tools are manufactured with a particular form and 
function in mind. Curated tools are made for current and anticipated future use. They are 
maintained, repaired and recycled as long as possible. These tools are often produced in 
one location and then carried (curated) to other locations as the group moves. In the Great 
Plains of North America, many of the curated tools are produced using bifacial core 
technology. 
 Bifacial technology is a common lithic technology among mobile hunter-gatherer 
groups. Bifacial reduction is a technique in which raw lithic material is reduced by flake 
removals from opposing surfaces of a core (a stone from which one or more flakes are 
intentionally removed). Examples of bifacial tools include projectile points, knives, 
bifaces and adzes. Scrapers are a common unifacial tool, which has flake removals from 
only one face of the core (Odell 2004). 
 Bifacial cores are lighter and smaller than the larger cobbles from which they are 
made. This enables mobile groups to transport usable portions of knappable stone, which 
is more cost effective than carrying larger pieces of stone (Binford 1979; Cowan 1999; 
Kelly 1988). Portability of cores ensures that groups have a sufficient supply of lithic 
material even when traveling far distances from known or accessible lithic resources 
(Binford 1979; Kelly 1988). Bifacial cores have potentially longer use-lives than 
expedient tools (i.e., retouched flake) and have the capability to be transformed to meet a 
variety of needs. Bifacial cores can be used to produce flakes for expedient use, or shaped 
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into a formal tool for a specialized task (this is not meant to imply that formal tools only 
have one specific use) (Kelly 1988). 
 
Lithic Raw Material and Mobility 
 It stands to reason that the locations of raw lithic source material can 
geographically demarcate the territory in which groups move (or have established trading 
networks) (Amick 1996; Binford 1979; Jones et al. 2003; Odell 2004). Generally, the 
procurement of raw lithic materials is embedded in the annual and supra-annual cycles of 
movement employed by a group in order to obtain resources associated with subsistence 
(Binford 1979, 1982). Raw lithic material is often reduced to transportable (bifacial) 
cores that are light and yet provide a base for the removal of flakes that can be used as 
(expedient) tools or later manufacture of formal tools (Kelly 1988).  
 The presence of local or non-local lithic material on an archaeological site can 
indicate movement within an area that includes the source locations for these materials. 
However, it is important to consider several intervening factors. Lithic material can travel 
to a site through vast trade networks, but natural forces, including streams, rivers and 
glaciers, can also transport lithic materials a great distance (Meltzer 1984). Substantial 
amounts of stone cobbles were carried great distances throughout glaciated portions of 
North America and redeposited in areas in which the stone does not naturally occur. 
 Likewise, it is also important to define local versus non-local in terms of distance. 
The purpose of this study is to compare bison home range and human range of mobility 
during the Middle Holocene. For this time period in the eastern Plains, the yearly home 
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range for bison has been estimated as 50 to 120 km2 (Widga 2006:169). For this study, 
local lithic material will be defined as that which is available within 50 km from 
archaeological depositions, the minimum estimated home range for bison herds. This 
may appear to be a large area and push the definition of the term “local” beyond 
conventional use; however, this distance is logical given the goals of this study. 
 
Cortex Analysis and Mobility 
 Several recent studies have focused on the relationships between the presence of 
cortex on lithic debitage and mobility (Dibble et al. 2005; Douglass et al. 2008). Hunter-
gatherers often reduce cobbles at or near source locations (typically either outcropping or 
stream cobbles) to limit the burden of transporting heavy cobbles, which creates a high 
percentage of cortical flakes at source locations. The percentage is further inflated when 
compared to cores at the source site when bifacial cores are moved to a secondary 
location. Likewise, cortical flakes would be absent (or underrepresented) from the 
secondary location where the bifacial core is utilized or manufactured into a formal tool 
(Dibble et al. 2005). Dibble et al. (2005) have developed a method for estimating whether 
all decortication flakes are present at a site, or if some initial cobble reduction was 
conducted elsewhere.  
 Analysis of cortical flakes can provide information regarding a group’s mobility 
and the rate of artifact curation (Douglass et al. 2008). The type of cortex can determine 
whether the source material came from an outcropping (chalky) or stream context 
(smoothed). Lithic assemblages with large amounts of cortex and low number of tools 
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likely indicate tools manufactured on site were curated (retained for future use at another 
location). Theoretically, as the distance between base camps and raw material increases, 
so does the degree of reduction performed on bifacial cores prior to transport. Residential 
camps located a considerable distance from raw material sources will have fewer 
decortication flakes (Beck et al. 2002). It stands to reason that the closer a deposition site 
is to a source location, the higher the percentage of cortical flakes likely, given that 
cobbles would not be carried far before bifacial core reduction is performed (Beck et al. 
2002). 
 
Summary of Lithics and Mobility 
When considering aspects of prehistoric subsistence strategies, especially lithics 
and mobility, it is useful to think in terms of a group’s annual/seasonal resource 
procurement cycle and the environment in which the group traverses during this time. 
The structure of lithic technology, including the raw material sources utilized (and the 
amount and type of cortex) is a product of the natural landscape within an area (Nelson 
1991). Some resources are only available or yield the highest returns during a specific 
time of the year. The geographic range in which a group moves throughout this cycle 
typically contains resources needed to fulfill the needs of the group (Binford 1979; 
Chatters 1987; Holen 1991). Analysis of lithic assemblages can be used to produce 
models of prehistoric movement and mobility.  
Lithic technology, source material and cortex can offer insight into a group’s 
movement throughout a geographic range. Specific technologies employed offer degrees 
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of mobility. Curated tools (as with bifacial core technology) indicate higher levels of 
mobility than those that utilize a higher percentage of expedient flake tools. Establishing 
raw lithic material source locations can demarcate the extent of movement. Analyzing the 
amount of cortex present enables determination of cobble reduction intensity and tool 
curation, another indicator of range. 
 
Environmental Background 
 The following sections provide background information regarding the geography, 
geology, climate and cultural chronology of the area in which the sites in this study are 
located. The end of this section includes a brief description of several archaeological sites 
dating to the Middle Holocene within this subregion that will not be explored further 
here, but would be important to consider when developing an overall east central Plains 
model of the Middle Holocene. 
 
Modern Geographic Overview 
The east central subregion of the Great Plains contains portions of eastern 
Nebraska, western Iowa, southeastern South Dakota and the northern corners of Missouri 
and Kansas as well as southwest Minnesota. This area lies within the Glaciated Central 
Lowlands of the Interior Low Plateau (Fenneman 1928) and primarily consists of the low, 
broad floodplain of the Missouri River and its tributaries. Eroded bluffs, gently rolling 
upland hills and heavily dissected till plains border the floodplains. Historically, the east 
central Great Plains are the dividing zone between the low prairies to the east and the 
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typical Great Plains grasslands to the west (Fenneman 1928). This rich ecotone would 
have made ideal living conditions throughout much of historic times. The flat, broad 
floodplains of the Missouri River and the Platte River (and the adjacent uplands) were 
utilized extensively for travel by early post-contact explorers, traders and missionaries 
throughout the historic periods for many trails traversing the plains to the west (Pepperl 
2002).  
Many surface variations were caused by several glacial episodes, including the 
most recent during the terminal Pleistocene. Large glaciers carved through the landscape, 
deposited glacial till and covered older drift plains with massive amounts of loess, which 
is the thickest in western Iowa and central Nebraska (White and Glenn-Lewin 1984). 
Cretaceous Dakota and Pennsylvanian limestone underlay this region, which contains 
knappable raw lithic materials and ochre that were utilized by prehistoric inhabitants 
(Burchett 1969; Nelson 2006). The glaciers also carried Mississippian-aged lithic 
materials into southwest Iowa from central Iowa. 
 
Modern Climate History 
The east central Great Plains today is dominated by a continental climate, with 
marked seasonal differences in precipitation and temperature. Throughout Great Plains 
region there is a moisture gradient, the climate is drier in the west, with more moisture in 
the east. The northern extents are cooler while the southern Plains are much warmer 
(White and Glenn-Lewin 1984). The east central Great Plains experience long, cold 
winters, and hot summers with a long growing season. Precipitation averages 700 mm 
 
 
 
18 
(28 in) per year. The entire region is subject to drought. Summer temperatures average 
23.9 to 29.4 ˚C (75 to 85 ˚F), and daily temperatures often hover at or above 37.8 ˚C (100 
˚F). Winter minimums are around -9.4 to -6.7 ˚C (15 to 20 ˚F) on average and soil freezes 
to a depth of 15 to 60 cm (6 to 24 in). Throughout the year, the most dominant climatic 
feature is the wind. High winds year-around promote water loss and high evaporation 
rates. The winds are also responsible for the transportation of high volumes of loess and 
sand, especially during extended periods of drought (White and Glenn-Lewin 1984). 
 
Paleoclimate History 
 The last glacial maximum was approximately 20,000 B.P. in the east central Great 
Plains. After the Northern Hemisphere deglaciation (19,000-20,000 B.P.), plant and 
animal species were reorganized (Clark et al. 2009). Conditions following the 
deglaciation were similar to the modern climate until the Younger Dryas (11,000-10,000 
B.P.) during which time the climate returned to cooler and moister conditions. Many 
genera of the megafauna that inhabited the Great Plains and North America became 
extinct around this time. Bison were able to survive this extinction, although there was a 
drastic change in the species from Bison antiquus to Bison occidentalis as the mammals 
adapted to changing climate and environment (Hall 1972). After approximately 10,000 
B.P., the climate once again returned to near modern conditions for the next few thousand 
years. 
 During the Middle Holocene, another drastic climate shift known as the 
Hypsithermal (8500-5000 B.P.) altered the east central Great Plains. Dry Pacific air 
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masses dominated and moist air from the Gulf of Mexico shifted out of the region. 
Annual precipitation levels fell. Combined with the increase in average temperature, this 
period is characterized by extended drought conditions. To the west, the Nebraska 
Sandhills became active with moving sand dunes and blowing loess (Bryson et al. 1970; 
Wedel 1986).  
Widga (2006) summarized results of many pollen and varve studies throughout 
the Middle Holocene in the eastern Great Plains. He was able to form a rough timeline of 
the climate throughout this very broad area. Around 8200 B.P., it was cool, but very arid 
which lead to high levels of erosion and the disappearance of upland and some riparian 
forests (Baker et al. 2000; Widga 2006). The annual temperature rose steadily until 
around 7600 B.P. Increased temperatures would have drastically altered the landscape 
over these 800 years. There was a brief period of stabilization around 7000 B.P. (Baker et 
al. 2000). Yet, during this time the prairie-forest edge was pushed east and north as the 
grasslands expanded. This was followed by another roughly 800-year period during 
which temperatures stabilized somewhat, but it was still quite arid as precipitation levels 
dropped. Even drier and warmer climate dominated from 6800 to 5000 B.P., with a 
period of excessive aridity and aggressive erosion from approximately 5600 to 5200 B.P 
(Widga 2006). Between 5000 and 3000 B.P., the climate became slightly cooler and 
moister as it once again returned to near modern conditions. Riparian forests reemerged 
in full as droughts became less frequent (Baker et al. 2000). 
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Flora and Fauna 
Historically, the flora of the region is most predominantly determined by the 
amount of precipitation. Xeric species can be found further west, with mesic species in 
the eastern extents of the east central Great Plains. Prairie grasses dominate throughout, 
with riparian-forested areas along streams and the Missouri River (Weaver and 
Fitzpatrick 1934). Big bluestem, little bluestem, needle grass, June grass and Indian grass 
dominate the upland grasslands (Steiger 1930). Mesic species can be found in the more 
moist floodplains, including boxelder, western cottonwoods, willows, and Canada wild 
rye, cordgrass, sedges and a variety of forbs (Kaul and Rolfsmeier 1993; Steiger 1930). 
The Missouri River, its tributaries and associated backwaters and oxbow lakes 
supported a wide variety of floral and faunal species. Early explorers through the region 
noted the presence of river otters, muskrat, mink, other smaller mammals as well as 
migratory waterfowl. The nearby upland grasslands and forested areas were home to 
turkey, opossum, porcupine, raccoon, squirrel, rabbit, and coyote. Bison and deer were 
found nearly ubiquitous throughout the area. Turtles, snakes, mussels and many species 
of fish were also noted (Widga 2006). 
 
Cultural Chronology: Paleoindian and Archaic Cultural Traditions 
 A brief cultural chronology for the Great Plains region is presented below, 
beginning with the Paleoindian tradition. Given the focus of this study, a large portion of 
this section is dedicated to the Plains Archaic, with additional details concerning the 
 
 
 
21 
Logan Creek Complex. Cultural traditions expanding beyond the Plains Woodland are 
outside the realm of this study and are thus not included here. 
 
Paleoindian (11,500  – 9500 B.P.) 
 The first human inhabitants of North America, and the east central Great Plains, 
are commonly referred to as Paleoindian. The Paleoindian period in the Eastern Plains 
can be recognized by distinct fluted projectile point styles, most notably, Clovis and 
Folsom. Paleoindian people are characterized as highly mobile, small bands of hunters 
and gatherers, focusing their subsistence strategies on the acquisition of the now extinct 
megafauna (i.e., mammoths), and other smaller animals (Hofman and Graham 1998). 
However, not many sites from this time period have been recorded due to the ephemeral 
nature of the sites, the lack of preservation and the possibility for deeply buried sites in 
the region. Due to preservation bias, research of this time period has centered on lithic 
materials and large megafauna remains. Many of the lithic materials discovered on 
Paleoindian sites are made of non-local materials presumably because Paleoindians were 
highly mobile. Their lithic tools were highly curated and recycled (Bamforth 2007).  
 
Plains Archaic (9500 – 2500 B.P.)  
 The Archaic cultural period is divided into three stages: Early, Middle, and Late. 
These stages are typically described as a transition from Paleoindian big game hunters to 
agricultural villagers of later cultural periods (Kay 1998). With each Archaic stage, it has 
been suggested that mobility decreased progressively as resource use intensified. As 
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mobility decreased, lithic technologies expanded to include a wider range of tools 
necessary to procure and process a wider variety of resources, including atlatl dart/spear 
points, scrapers, bifaces and knives. One of the most noticeable patterns in the Archaic 
period in some portions of the Great Plains is the greater diversity in floral and faunal 
resources utilized, especially in the latter years of the period. Archaeological evidence at 
several sites indicates the utilization of large and small mammals, as well as waterfowl, 
fish, shellfish and a wide variety of wild plants (Kay 1998). Ground stone tools and large 
pit hearths used in the processing of plants have been found throughout the region, 
especially for sites dating to the latter portions of the Archaic (Widga 2003). This 
broadening of resources has been attributed to several factors, including the Hypsithermal 
and increased population densities. As concluded in Widga’s (2006) research, however, 
bison were still a primary resource throughout the Early and Middle Archaic.  
The mechanisms employed by these groups to adjust their mobility or subsistence 
strategies due to the climate changes are poorly understood for the east central Plains. 
Compared to earlier and later Archaic phases, Middle Archaic sites are found less often 
in upland settings, and are concentrated near well-established water resources (Benn and 
Thompson 2009; Nycz and Pisell 2007). After the Hypsithermal, the Great Plains 
experienced more favorable climate conditions, and an increase in population, as evident 
in the increased number of sites (i.e., McKean Complex in the northern and central 
Plains; Late Archaic phase in central and eastern Iowa) (Benn and Thompson 2009). 
 The Logan Creek Complex refers to the cultural material remains of the 
archaeological sites within the east central Plains (and potentially beyond) that are similar 
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to those found at the Logan Creek site in northeastern Nebraska. The most diagnostic 
artifact from the Logan Creek Complex is the side-notched projectile points. These points 
have straight to concave bases and are typically ground along the base and notches 
(Carlson 1998). Several Logan Creek Complex sites (Logan Creek, Hill, and Ocheydean) 
also have plano-convex hafted side-notched scrapers, usually with moderate to heavily 
ground bases and notches. The most common feature on Logan Creek Complex sites is 
hearths, with fewer small pits or postholes present (Carlson 1998). 
 
Plains Woodland (2500 – 1000 B.P.) 
 The Plains Woodland tradition refers to the post-Archaic cultural manifestations 
characterized by an increase in social interaction, the manufacture of corner-notched 
projectile points, and the first widespread Plains ceramic tradition including cooking and 
storage vessels and burial mounds (Johnson and Johnson 1998). Most sites indicate 
Woodland occupation as consisting of semi-sedentary hunter-gatherers living in limited 
population aggregates for the period, probably at the family or band level, although some 
sites in Northwest Missouri suggest village living (Bozell and Winfrey 1994:133-135). 
With the replacement of the atlatl, a shift in pursued fauna can be seen, although it is 
much the same as in the Archaic as well as in more recent times (bison, deer, antelope, 
elk, and other fauna) (Bozell and Winfrey 1994). In addition to hunting and gathering, 
Woodland subsistence includes the addition of domestic plant utilization (cultigens) to 
the diet, which accounts for one of the few distinctions between the late Archaic and 
early Woodland periods.  
 
 
 
24 
 
Middle Holocene Sites in the east central Great Plains  
The two Middle Holocene sites explored in this research are the Hill and 
Simonsen sites in western Iowa. It is important to note that there are several other sites in 
western Iowa and eastern Nebraska of some interest. These sites represent a wide range 
of human behaviors and activities, including habitation sites, bison processing sites and 
burial sites. Exploration and analysis of these sites would be instrumental in developing a 
comprehensive model of human behavior in the Middle Holocene in the east central 
Great Plains. 
The Logan Creek site (25BT3) is located on an alluvial fan in northeastern 
Nebraska, and was excavated between 1957 and 1963, and briefly in 1991. This site is the 
type-site for what is known as the Logan Creek Complex, consisting of small side-
notched projectile points and hafted scrapers, similar to those found at Simonsen, 
Cherokee Sewer and other Middle Holocene sites throughout the eastern Great Plains. 
Excavations revealed eight cultural levels, six of which date to the Middle Holocene. 
These levels range in age from 6020 to 7350 cal B.P. Hearths and possible evidence for a 
small shelter were found amongst the cultural zones, as well as a large amount of bison 
remains (Carlson 1998:469). 
The Cherokee Sewer site (13CK405) was discovered in 1973 during the 
construction of a sewage treatment plant near the town of Cherokee, Iowa, deeply buried 
in an alluvial fan of the Little Sioux River floodplain. This site is approximately 13 km (8 
mi) north of Simonsen. A salvage excavation uncovered three cultural zones; two of 
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which date to the Hypsithermal. Horizon Ib dates to 7430 – 7020 cal B.P., and Horizon 
IIb dates to 8170 - 7930 cal B.P. (Widga 2006:70). Simonsen style projectile points were 
discovered in these horizons, along with a variety of other stone and bone tools, some 
associated with bison processing. A few artifacts in Horizon Ib were associated with non-
subsistence activities, such as a bone flute and bone tubes and beads. As evident in the 
assemblage of artifacts of Horizon IIb, it is thought that the bison were killed nearby and 
certain parts were brought here for further processing (Anderson and Semken 1980). 
Buried roughly three meters (10 ft) below the surface, the Lungren site 
(13ML224) is located on an eroded stream bank adjacent to Pony Creek, in Mills County, 
Iowa. This site is only three kilometers (2 mi) upstream from the Hill site and dates to 
7450 – 6900 cal B.P. (Widga 2006:73). Nine stratigraphic zones were discovered during 
excavation, two of which contained cultural materials (charcoal staining, hammerstones, 
several bifaces and scrapers, one projectile point, debitage, and numerous animal bone 
fragments). Due to the amount and type of material present, this site is interpreted as a 
residential area rather than bison processing or kill site (Brown 1976). 
The Turin site (13MN2) was discovered in 1955, six meters (20 ft) below the 
surface by a gravel pit operator in Monona County in west central Iowa. Unlike the 
above-mentioned sites in this list, the Turin site is a burial site, containing the remains of 
an adult male, a child, an infant and one additional skeleton in shallow graves. Red ochre, 
shell beads, hackberry seeds and a side-notched projectile point were found with the 
interments (Fisher et al. 1985). At the time of its discovery, it was thought these burials 
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dated to the late Pleistocene; however, they were found to date to 6050 – 4650 cal B.P. 
(Fisher et al. 1985:200). 
The Lewis Central School site (13PW5), also a burial site, is located near Council 
Bluffs, on a Missouri River alluvial terrace in west central Iowa (Anderson et al. 1978; 
Fisher et al. 1985). This site was discovered during excavations of a borrow area to be 
utilized in the construction of a new school. Several side-notched projectile points, 
bifaces, knives, and scrapers were found to be made primarily of local Nehawka chert, 
along with bone awls and modified and unmodified shells were discovered with the 
burials. These burials date to about 2815 B.P. (Anderson et al. 1978:195). Unlike the 
Turin site, the artifacts found at Lewis Central School did not appear to be purposefully 
placed with the deceased (Anderson et al. 1978). 
 It is likely that many unreported and unrecorded Middle Holocene sites exist. 
Most of the sites discussed above were inadvertently discovered during construction 
activities that provided for the exploration of deep deposits not typically uncovered 
during archaeological investigations. Like many of the sites explored briefly in this 
chapter, the two sites used in this research were deeply buried.  
This chapter presented theories concerning hunter-gatherer subsistence strategies 
and the organization of lithic technologies, which form the foundation of this study and 
allow interpretations to be made based on analysis conducted herein. In the next chapter, 
the Hill and Simonsen sites, their excavations and assemblages will be explored in detail.  
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CHAPTER 3: METHODS AND MATERIALS  
Introduction 
While the preceding chapter outlined the theoretical framework for this research 
and provided background information, the focus of this chapter is to present the methods 
employed for analysis. This chapter discusses the archaeological sites utilized in this 
study and describes their excavation and assemblages. Emphasis will be placed on the 
chipped stone artifacts (for a summary and analysis of the faunal remains, see Widga 
2006).  
 
Methods of Analysis 
 The goal of this research is to determine whether human inhabitants of the east 
central Plains had geographic ranges similar to that of local bison herds, as evident in the 
lithic assemblages of the Hill and Simonsen sites. The geographic range of these 
individuals, at least during the time that the sites were created, can be determined by 
exploring the lithic technology employed, sourcing the raw material used in the lithic 
assemblages from the sites and assessing the cortex in these assemblages. Both chipped 
stone tools and debitage pieces were analyzed in the following manner detailed below. 
Analysis of chipped stone debitage and tools can be used to reveal types of 
activities conducted on archaeological sites. As presented in the previous chapter, aspects 
of movement and mobility can also be determined by examining lithic assemblages. In 
order to gain an understanding of these activities and stages of lithic manufacture being 
conducted at Hill and Simonsen, every piece of debitage was subject to visual 
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examination and analysis. Sites in which tools are manufactured from cores or cobbles 
would be expected to have flakes representing all stages of reduction. Sites associated 
with a specialized task, such as a bison kill site, would be expected to contain more 
debitage representative of tool maintenance and sharpening rather than reduction 
(Chatters 1987). Using Odell (2004) and Andrefsky (2005), a standard set of attributes 
and metrics were recorded for each piece of chipped stone. All chipped stone debitage 
were assigned nominal classifications based on physical characteristics present. 
Qualitative measurements were also recorded for each piece. 
 
Raw Material Sourcing 
Initial determination of raw materials available locally and throughout the region 
was ascertained using Morrow's (1994) identification scheme and other site reports in the 
area (Finney 1995; Finney and Crawford 1999). Additionally, Iowa’s Office of the State 
Archaeologist’s online resources (Anderson and Horgen 2011) and in-person visits to 
examine their raw material comparative collection were instrumental in this analysis. 
Macroscopic examination of the stone, in most cases, was sufficient to determine raw 
material types. Microscopic and hand-lens enhancements were utilized to aid in the 
identification of some pieces. Material types were determined by identification of various 
fossil inclusions (type, size and density) specific to each material type, as outlined by 
Morrow (1994). 
Occasionally, specific chert types could not be determined because the artifact 
was either too small, burned excessively, or the artifact resembled several similar chert 
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types and a positive identification of one type could not be determined. In these cases, 
two methods were employed. First, if the raw material source could be narrowed down to 
two similar specific chert types, both candidate sources were recorded. In other instances, 
a determination past geologic formation could not be made and the geologic formation 
name was recorded. Because the geologic formations in western Iowa (and eastern 
Nebraska) are found within limited regions, this classification can still be used effectively 
to aid in the overall calculation of geographic range. 
 
Chipped Stone Analysis 
 Following Odell (2004), the flakes were sorted into the following categories: 
reduction, thinning, sharpening and broken. These characterizations are made primarily 
by examining attributes associated with the flake’s platform and bulb of percussion. 
Reduction flakes display a diffuse bulb of percussion and often have multi-directional 
negative flake scars on the dorsal side (Odell 2004). These flakes tend to be larger in size, 
as they are the initial flake removals from a raw material nodule. Cortex is often present 
(in varying quantities) on the dorsal side of the flake. Thinning flakes (or bifacial 
thinning flakes) often have a noticeable lip nearest the ventral side of the platform 
because a small portion of the bifacial edge of the tool being manufactured is removed 
during this stage of reduction. Sharpening flakes tend to be the smallest of the flakes. 
They are removed during the final stages of reduction. Sharpening flakes often show 
signs of utilization at the interface of the striking platform and dorsal surface (Odell 
2004). Broken flakes are characterized as those pieces that have no platform present. 
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Additionally, a final category utilized for debitage that cannot be classified as a flake is 
shatter. Shatter is a piece of debitage that does not exhibit flake characteristics, and is 
often blocky with sharp angles (Odell 2004). Shatter may occur during the flint knapping 
process, or while the raw material is being heated (either intentionally or not) and is 
referred to as thermal shatter. Thermal shatter is often charred beyond that of intentional 
heat alterations, and can have circular spall (“pot lid”) removals. Debitage determined to 
be heat-altered were recorded as such. Flakes and shatter that were intentionally heat-
altered exhibited either a change in texture (milky, smooth), color (typically adding a 
pink or reddish tint), or both. Burned pieces (presumed unintentionally) are charred or 
blackened, and often have circular spall removals. 
Flakes were further characterized. They were assessed in terms of their 
completeness. Such categories as complete, proximal, dorsal, medial and broken were 
used to describe the portion of the flake present. An additional qualifier of “-split” was 
added to each of the above to describe a longitudinal split section of the flake. For 
example, a flake that was classified as complete – split, had a platform and complete 
termination present, but was split in half longitudinally. Angular fragment was used to 
describe pieces of shatter. The termination, if present, for each flake was recorded. The 
types of terminations included feather, abrupt, hinge and overshot (Andrefsky 2005; 
Odell 2004). These attributes were collected for each piece of debitage as a set of 
standard metrics recorded during chipped stone analysis, but were not directly used in 
this study. 
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Cortex 
 Cortex was recorded for each piece of debitage. The amount of cortex was 
approximated and recorded as zero, 25, 50 or 100 percent. On some pieces, the 
determination of whether the cortex present was from a stream (smoothed) or 
outcropping (chalky) context was possible and recorded. The percent of cortex present 
for each type of raw material was calculated for both sites. 
 For those flakes with platforms present, both general platform attributes (cortical, 
unifacial, bifacial, multifaceted, trimmed, crushed and ground) and exterior platform 
modifications (cortical, scar and trimmed) were recorded. Platform length, width (in 
millimeters) and angle (in degrees) were also noted. Other metrics documented for each 
pieces includes overall length, width, thickness (all in millimeters) and weight (in grams). 
Debitage with retouching were noted, and the worked quadrant recorded. 
  Additional measurements were recorded for chipped stone tools (projectile points 
and hafted scrapers). These measurements include dimensions of the notches, base and 
body of the tools. Examples of such measurements are axial length, right and left margin, 
stem length, maximum width, notch width and depth, maximum thickness, and working 
edge width and thickness (for scrapers only). Again, these measurements, along with 
attributes associated with flake platforms, were recorded as a set of standard metrics 
recorded during lithic analysis endeavors, but were not directly used in the analysis for 
this study. 
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Archaeological Deposits 
The Simonsen Site 
 The Simonsen site is located in Cherokee County in northwestern Iowa. This 
region of the state is highly dissected due to the presence of several river systems, 
including the Little Sioux River. The Little Sioux River and its tributaries contain many 
archaeological sites, most notably are those attributed to the Mill Creek Culture. The Mill 
Creek Culture (A.D. 100 – 1250) is a highly distinct and ephemeral cultural development 
focused on a blend of horticulture and hunting subsistence strategies. Recognition and 
distinction of Mill Creek sites began in the early twentieth century as sites typically 
occupy an area up to .4 hectares (one acre) with midden deposits of two meters or more 
(Anderson 1969, 1987). Also located in this portion of Iowa is the Cherokee Sewer site 
(see description in Chapter 2). 
 
Lithic Landscape of Northwest Iowa 
There are no known bedrock sources of knappable material in northwestern Iowa; 
therefore, prehistoric inhabitants likely utilized glacial cobbles varying in size that were 
transported into the area during the last glacial epoch (Anderson 1978; Morrow 1994). 
Tongue River Silica (TRS) is among the most widely used varieties of glacially relocated 
lithic material in northwestern Iowa and can be found in cobbles up to 40 cm in diameter 
in stream context (Anderson 1978; Morrow 1994). TRS originates in the Fort Union 
formation located in North and South Dakota (Anderson 1978), but can be found as 
glacially relocated gravels in alluvial stream settings throughout northwestern Iowa. TRS 
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has been found as stream cobbles within the Little Sioux River approximately 22.5 km 
(14 mi) north of Simonsen. In its natural form, Tongue River Silica is a light yellowish 
brown and nearly impossible to knap due to its structure. Once the material has been 
heated, it can turn a dark gray or, most often, reddish brown, and becomes easier to work 
into projectile points and other tools. Additionally, exposures of Sioux quartzite are 
located in the extreme northwest corner of Iowa, and are distributed throughout the area 
as glacial till (Morrow 1994). 
 
Simonsen Site Excavations 
During the first decades of the twentieth century, bones were noted protruding 
from the exposed riverbank by locals near a favored fishing spot along the Little Sioux 
River, near Quimby, Iowa (see Figure 3.1). In 1955, the area was reported to 
paleontologist W.D. Frankforter of the Sanford Museum (Cherokee, Iowa) and 
archaeologist Reynold J. Ruppe, who identified it as an archaeological site. The bison 
bone bed was located on an alluvial fan adjacent to the river. Early on, the site was 
known as the Quimby Bison-Bed, but was officially named the Simonsen Site (13CK61) 
after the family that owned the land on which the site was located. Two years of 
abnormally dry conditions during 1957 and 1958 allowed the water level of the river to 
drop sufficiently to permit Frankforter to return to the site with George A. Agogino (State 
University of South Dakota) to conduct archaeological investigations. During this and 
subsequent excavations over the next two years, eight strata were identified, three of  
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which contained cultural materials (see Table 3.1). The non-cultural layers may represent 
periods of frequent flooding and alluvial deposition, whereas, the cultural levels represent 
stable surfaces (Agogino and Frankforter 1960; Frankforter and Agogino 1959).  
 
Figure 3.1. Simonsen site location along the Little Sioux River (Sanford Museum). 
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Table 3.1. Stratigraphic zones and associated depths and matrices (Agogino 1959; 
Frankforter and Agogino 1959, 1960). 
 
Stratigraphic 
Zone 
Deposit 
Thickness 
Depth 
below 
surface Matrix 
Cultural 
Material 
Zone 1 244 cm 0 - 2.4 m Black silty loam No 
Zone 2 15 - 30 cm 2.4 – 2.8 m Silty sand and gravels No 
 
Zone 3 30 - 60 cm 
 
2.8 – 3.3 m 
Slightly sandy silt with 
few sand lenses Yes 
Zone 4 30 - 60 cm 
 
3.3 – 3.9 m 
Very sandy to gravelly 
silt, clays and gravels No 
Zone 5 6 - 60 cm 3.9 – 4.5 m Slightly sandy silt Yes 
Zone 6 15 - 30 cm 4.5 – 4.8 m Silty sand with gravel No 
Zone 7 60 - 90 cm 
 
 
 
4.8 – 5.7 m 
Dark gray silty clay with 
light brownish gray 
mottling (bison bone 
bed) Yes 
Zone 8 Unknown 5.7 m - ? Gravel No 
 
A 3.6-square meter unit (12-square ft) was excavated in 1958, the first year of 
archaeological investigations at Simonsen. Many bison elements and several hearth areas 
were discovered. It was also noted that bison remains were present along at least 30 m 
(100 ft) of the riverbank exposure. Excavations resumed the following year, during which 
time the top 4.3 m (14 ft) of overburden was removed over an area 7.6 m (25 ft) wide and 
22.9 to 30.5 m (75 - 100 ft) long. Bison bones and a hearth were encountered in Zone 3 
(7430 – 7270 cal B.P.) approximately 2.4 m (8 ft) below the surface (Widga 2006:60). 
After these materials were recorded and excavated, the remaining overburden was 
removed down to .3 m (1 ft) above the bison bone bed, Zone 7 (7800 – 7610 cal B.P.) 
(Widga 2006:60). The most culturally dense layer (Zone 7) lie 4.8 m (16 ft) below the 
modern surface. A grid of test units of three-meter (10-ft) squares was laid out over the 
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southern half of the exposed portion of the site, while 1.5-m by 1.5-m (5-ft by 5-ft) test 
units were excavated in the northern half. Several projectile points, bifaces and scrapers, 
hearths and bison bones were among the materials discovered during excavation. All 
matrices from the excavations were water screened, which yielded only a small amount 
of chipped stone and tiny bone fragments (Frankforter and Agogino 1959). The bison 
remains that were found at the site were identified as Bison occidentalis, a species that 
became extinct approximately 5,000 years ago (Agogino 1959; Hall 1972). 
Frankforter and crew returned to Simonsen in 1965 to complete excavation on 
several uncompleted test units. From Zone 7, two incomplete bison skeletons were 
uncovered, as well as several flakes, a grooved axe and a burned area (Frankforter 1965, 
unpublished field notes).  
 
Simonsen Artifact Assemblage and Cultural Features 
 Simonsen was excavated over a portion of three field seasons with great care to 
identify and collect artifacts in situ and with water screening of the excavated matrix 
from all zones. Because the focus of this study is on lithics, the description below of the 
site’s assemblage will also be primarily over the lithic materials. Zone 3 produced three 
pieces of debitage and one possible core, and yielded several areas of disseminated ash 
and pieces of burned earth from one hearth and several burned areas. This hearth did 
contain a large canid (possibly wolf or dog) ramus or mandible (Frankforter and Agogino 
1960; Widga 2006). The mandible did not show signs of butchering. Small flecks of 
charcoal and a projectile point fragment were recovered from Zone 5. From the 
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excavation notes and reports available, it is unclear which point fragment was recovered 
from this zone. The remaining material was found in Zone 7, which is the bison bone bed 
(Frankforter and Agogino 1959, 1960). The following discussion and subsequent analysis 
in this study focus on the artifacts recovered solely from Zone 7. 
Charcoal samples from one of the hearths at Simonsen were used to obtain a 
radiocarbon date of 8430 B.P. (Frankforter and Agogino 1960:65), placing it in the late 
Paleoindian time period and one of the oldest sites in the state. This date, however, was 
obtained during the early years of radiocarbon dating, and was later found to be 
erroneous. Recent collagen dating of faunal remains from Simonsen indicated that some 
deposits at the site dates to the Middle Archaic period (Zone 3: 7430 - 7270 cal B.P.; 
Zone 7: 7800 - 7610 cal B.P.) (Widga 2006:61). No dates are available for the deposits 
from Zone 5. 
 
Chipped Stone Tools 
 Table 3.2 lists the chipped stone tools recovered from Zone 7 of Simonsen. These 
figures include complete and fragmental tools. Five projectile points and two point 
fragments were recovered from Zone 7 of Simonsen (See Figure 3.2). These triangular 
projectile points are medium-sized side-notched with slightly concave to straight bases. 
Grinding is evident on the bases and up to the notches. The widest portion of the point is 
the shoulder, just above the notches. The points are generally elliptical or plano-convex 
in cross section. Only one point is complete, with the others lacking the distal tip, two are 
without a base and are broke just beneath or near the notches. The projectile point 
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fragments are very small and include one distal tip, one medial fragment and one lateral 
margin fragment. Based on original field excavation notes, it appears likely that one of 
these small point fragments was recovered from Zone 5. 
 
Table 3.2. Tools Recovered from Zone 7 at Simonsen. 
Tool Type n % (n) 
Biface (Total) 9 47 
   Banded Sioux Quartzite 1 5 
   Unidentified Glacial  
      Cobble 3 16 
   TRS 5 26 
   Points (Total) 7 37 
   Black Chalcedony 1 5.3 
   Quartz 1 5.3 
   TRS 5 26.3 
   Scrapers (Total) 3 16 
   Basalt 1 5.3 
   Quartz 1 5.3 
   TRS 1 5.3 
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Figure 3.2. Simonsen Projectile Points. 
 
Four of the projectile points and one point fragment are made from heat-altered 
Tongue River Silica (TRS). The other nearly complete projectile point is manufactured 
on a black chalcedony, possibly glacial till. A single debitage flake is also of this same 
material. The projectile point medial fragment is manufactured on quartz, likely among 
the glacial till in the area. The remaining two point fragments are quite small, including 
one distal tip less than one cm in length (made on an indeterminate material) and a small 
portion of a lateral margin made of TRS. 
 Nine bifaces and biface fragments (including one knife) and three scrapers were 
also among the chipped stone assemblage (Figure 3.3). The bifaces and biface fragments 
are quite thick with random flaking typical of early stage biface manufacture or bifacial 
cores, while several are slightly more refined (yet not as refined as the projectile points). 
The knife is a bifacially retouched flake. Most of the bifaces and fragments, as well as the 
knife, were manufactured on TRS, while the remaining were made on unknown lithic 
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material derived from glacial till. Two scrapers are unifacially retouched flakes, while the 
third is a large basalt chopper with both ends unifacially retouched (Figure 3.4). 
 
Figure 3.3.  Selection of Bifaces, Scrapers (two upper right) and Knife (lower right) from  
                    Simonsen (Zone 7). 
 
 
Figure 3.4. Large basalt scraper from Simonsen. 
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Debitage 
 Despite the extensive excavation and the care taken to water screen the matrix 
from Simonsen, very few pieces of lithic debitage were recovered. The lithic debitage 
consists of seven pieces of shatter and 90 flakes, three of which are retouched. Only 
seven of these flakes had any cortex present. The majority of these flakes are sharpening 
(n=20) or thinning flakes (n=35) as determined by analysis conducted by the author. 
 Tables A1.1 (see Appendix A) and 3.3 summarize my analysis of the debitage 
from Zone 7. Each debitage type (reduction, thinning, sharpening, broken flakes and 
shatter) is shown with the number of artifacts (n), the percent for each debitage type of 
the overall debitage assemblage by count (%(n)), weight (in grams) and the percentage 
for each debitage type by weight (%(Wt.)) (see also Table A1.1 for a break down of each 
debitage type by material type). The number of flakes with cortex is also displayed in 
Table 3.3, along with the associated percentages for count and weight. TRS flakes are the 
only material type to contain any amount of cortex from the entire debitage assemblage at 
Simonsen. TRS dominates this assemblage, with 63.9% of the total weight of the 
debitage, and unidentified glacial cobble accounts for 26% of the debitage. 
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Table 3.3 Counts and weights of raw lithic materials for debitage at Simonsen (Zone 7). 
Material n % (n) 
Wt. 
(g) % (Wt.) n Cortex 
% (n) 
Cortex 
% (Wt.) 
Cortex 
Basalt 4 4 22.4 7 0 0 0 
Black    
  Chalcedony 1 1 0.1 0.03 0 0 0 
Unidentified  
  Glacial Cobble 13 13 83.4 26 0 0 0 
Quartz 11 11 8.0 2.5 0 0 0 
Sioux Quartzite 2 2 0.8 0.3 0 0 0 
TRS 66 68 203.2 63.9 7 10 2 
Total 97 -- 317.9 -- -- -- -- 
 
Other Lithic Material 
 Several large stones were recovered from Zone 7. The largest stone measures 
roughly 30 x 45 cm, and the smaller measures roughly 12 x 12 cm. Due to their large size 
and proximity to shattered bison bones they have been classified as anvil or “basher” 
stones, likely used to obtain marrow from larger bison bones (Frankforter and Agogino 
1960). One grooved axe was also discovered on a revisit to the site, years after the initial 
excavations. No fire-cracked rock was noted in the assemblage. 
 
Flora and Fauna 
 Several seeds and snail shells were collected from Simonsen. Zone 7 yielded three 
seeds: one was identified as hackberry (Celtis occidentalis L.) and a second belongs to 
the genus Prunus, likely a wild plum or possibly serviceberry (Linda Plock, personal 
communication 2012). The third seed from this zone was found to be of indeterminate 
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variety, although it was initially identified in the field as a burned hackberry seed (Linda 
Plock, personal communication 2012). 
 Of the six snail shells in the Simonsen assemblage, four were recovered from 
Zone 7. The first two snails were identified as Webbhelix (Triodopsis) multilineata and 
Stenotrema (genus), both are considered of the terrestrial variety (Bruce Stephen, 
personal communication 2012). The third snail is an aquatic snail, Lymnaea humilis, and 
the fourth is unidentified (Bruce Stephen, personal communication 2012). It is more 
likely that these snails were a part of the natural landscape at Simonsen rather than 
intentionally deposited or utilized by prehistoric hunter-gatherers. Because these snails 
cannot exist far from moisture-rich environments, their presence indicates that there was 
sufficient moisture present at this time for such snail species to survive in this locale. 
Bison were the most abundant faunal remains (MNI = 21 for Zone 7) (Widga 
2006:63). Six bison skulls were present in Zone 7, most in poor condition due to 
extensive weathering and exposure before the site was encased in alluvial deposits. The 
majority of the bison remains exhibit butcher marks. Despite the presence of hearths and 
burned areas, there was no burned bone in the faunal materials. Rodents represent a small 
portion of the faunal assemblage. For a more detailed summary of vertebrate fauna from 
this site, see Widga (2006). 
 
Cultural Features 
 Hearths, burned areas and fire pits are the only cultural features noted in 
Simonsen excavation notes from early investigations. Zone 7 contained two hearths and 
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three burned areas. Two of the larger anvils, mentioned above, were found situated 
between the two hearths. No faunal remains were found in hearth context (Frankforter 
and Agogino 1959). 
 
The Hill Site 
The Hill site (13ML62) is situated in a highly dissected area of Mills County in 
southwestern Iowa. It is located near the Missouri River valley’s loess hills, with limited 
Pennsylvanian outcroppings throughout the area. The town of Glenwood is about eight 
km (5 mi) to the southeast. Mills County has been one of the most archaeological studied 
counties in the state over the past century (Green 1991) owing to the highly visible 
remnant earth lodges of the Central Plains tradition (A.D. 900 – 1450), which are 
concentrated in the Glenwood vicinity (Green 1991). Also located in the western third of 
the county, are several Archaic sites, most of which are directly adjacent to Pony Creek, a 
tributary to the Missouri River. This area consists of an extensive system of river and 
stream tributaries of the Missouri River, along with heavily dissected Loess Hills directly 
adjacent to the river valley. 
 
Lithic Landscape of Southwest Iowa 
 Southwestern Iowa is dominated by Pennsylvanian-aged limestone deposits, 
which yield several varieties of highly fossiliferous cherts from the Missourian and 
Virgilian series (see Figure 3.5). These cherts are sometimes generically referred to as 
“fusilinid” cherts. Fusilinids are common fossils found in Plattsmouth chert, a variety of 
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Pennsylvanian chert found throughout southwestern Iowa. Pennsylvanian-aged Des 
Moinian series deposits in south-central Iowa contain very little usable chert. 
Pennsylvanian cherts are found in archaeological context throughout the southwestern 
Iowa and are often transported north and east to lithic poor sections of the state (Morrow 
1994). Glacially relocated Mississippian chert nodules and cobbles from the Des Moines 
Lobe are also found throughout southwestern Iowa. 
 
Figure 3.5. Map of Pennsylvanian chert locations in southwestern Iowa. 
 
  
 
 
 
 
 
 
 
Many types of Pennsylvanian chert can be distinguished through examination of 
attributes, including fossil inclusion type and density, color and texture. The following is 
a brief description of some of the types of Pennsylvanian chert applicable in this study. 
Argentine chert is derived from the Argentine Member of the Wyandotte Formation 
within the Missourian series and occurs as irregular nodules up to 15 cm. Argentine is 
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similar to Hertha and most other Pennsylvanian cherts. Spring Branch chert originates 
from the Spring Branch Member of the Lecompton Formation of the Virgilian series. 
Spring Branch can be found as nodules up to 15 to 20 cm and is most abundant in Mills 
County. It strongly resembles Winterset, Hertha and Bethany Falls cherts. Winterset chert 
belongs to the Winterset Member of the Dennis Formation of the Missourian series and 
can be found in irregular nodules up to 15 cm in diameter. Winterset can also be found in 
northwest Missouri and greatly resembles Argentine, Plattsmouth, Spring Branch and 
Bethany Falls cherts (Morrow 1994). Bedrock exposures of these cherts are found 
directly adjacent to streams, and chert cobbles are found in stream settings throughout the 
area.  
 
Hill Site Excavations  
The Hill site was discovered in the early spring of 1958, after road construction 
altered the channel of Pony Creek to prevent it from undercutting a county road. 
Construction transected a terrace remnant, exposing a cultural horizon 5.2 m (17 ft) 
below the surface (Frankforter 1959). Unfortunately, it was impossible to determine the 
precise location for the site as there are very few field records. Looking at old aerial 
photos from 1950 and 1960 (before and after construction), a rough estimate of where the 
site was located can be determined (Figure 3.6). The aerial photograph from 1960 shows 
the abandoned stream meander that was dammed after construction (Iowa State 
University Geographic Information Systems Support and Research Facility 2013). 
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Figure 3.6. Aerial imagery for the Hill site location in 1950 (left) and 1960 (right)  
  (ISUGIS 2013). 
 
W.D. Frankforter, from the Sanford Museum in Cherokee, Iowa, was notified of 
the site in the summer of 1958. Frankforter visited the site and a few test pits were 
excavated within an area exposed by the construction. Identifying the site as one of the 
first pre-ceramic sites in southwest Iowa, Frankforter decided to return for further 
excavations after preparing an excavation plan. Before he returned to the site, heavy rains 
caused the flooding of Pony Creek. Unfortunately, the majority of the site eroded and 
slumped into the flooded stream. Frankforter immediately returned to the Hill site with a 
few workers and excavated the remaining portion of the site in nine 1.5-m2 (5-ft) test 
squares. The Hill site was excavated as a salvage project for a total of three and a half 
days (Frankforter 1959). 
Four stratigraphic zones were identified, with three zones containing cultural 
material (see Table 3.4). These zones were identified in an area exposed through 
construction activities, roughly 5 m below the modern surface. The second zone 
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contained only a “slight amount of cultural material,” with no other field notes detailing 
this material or depth of the zone below the surface. The main cultural zone (Zone 3) was 
5.2 m (17 ft) below the surface, with a few flakes and bones found up to 15 cm (6 in) 
below the zone (upper portion of Zone 4) (Frankforter 1959). The lowest zone, Zone 4, 
contained several pieces of chipped-stone debris, with several bison bone fragments. Due 
to the cultural material and features present (detailed below), Hill was classified as a 
habitation site (Frankforter 1959). An initial date of 9050 – 7250 B.P. was obtained from 
charcoal samples (Widga 2006:72). Recent collagen dates suggest a range of 7470 – 7420 
cal B.P. (Widga 2006:72) for Zone 3 and is the only zone with a known date. Original 
field notes and artifact provenience information only indicate material from test units 
within the main cultural zone (Zone 3); therefore, all subsequent analysis and discussion 
on Hill artifacts are exclusively from this zone. 
 
Table 3.4. Stratigraphic zones and associated depths and matrices for Hill (Frankforter 
1959). 
Stratigraphic 
Zone 
Deposit 
Thickness Matrix 
Cultural 
Materials 
Zone 1 10 cm Light buff silt No 
Zone 2 7 - 10 cm Heavily carbon-stained silt Yes 
Zone 3 7 - 10 cm Buff silt (main cultural zone) Yes 
Zone 4 Unknown Light gray-buff silt, sterile at base of zone Yes 
 
Hill Artifact Assemblage and Cultural Features 
 Despite the unfortunate flooding that destroyed the bulk of the Hill site, 
excavations produced a fair amount of cultural material. Cultural material was collected 
in 7.6 cm (3 in) levels within each of the excavation units. Existing field notes do not 
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mention whether the matrix was screened or artifacts were collected as they were 
encountered during excavation as they were during Simonsen excavations. Excavations at 
the Hill site were conducted with haste as a salvage operation. 
 
Chipped Stone Tools 
 Table 3.5 lists the tools recovered from Zone 3 at Hill, which includes six small 
side-notched projectile points (see Figure 3.7). These points are very similar to those 
found at Simonsen, and other Middle Holocene sites throughout the area, with a 
triangular body and convex to straight base. The bases are ground to the notches. Just as 
with the points from Simonsen, these points are widest at the shoulder, just above the 
notches, and are generally elliptical or plano-convex in cross section. Analysis conducted 
in this study indicates that three of the points were likely utilized as knives as there is 
more use-wear along one lateral margin than the other, with additional retouching evident 
along this same margin. All six projectile points are manufactured from local 
Pennsylvanian cherts, Curzon (n=2) and Spring Branch (n=4), none of which appear to 
have been heat altered. 
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Table 3.5. Tools Recovered from Zone 3 at Hill. 
Tool Type n % (n) 
Biface (Total) 16 34 
  Curzon 2 4.3 
  Sheldon 4 8.5 
  Spring Branch 4 8.5 
  Unidentified  
     Pennsylvanian 5 10.6 
  Winterset 1 2.1 
   Points (Total) 6 12.8 
  Curzon 2 4.3 
  Spring Branch 4 8.5 
   Scrapers (Total) 25 53.2 
Unhafted 12 25.4 
  Spring Branch 5 10.6 
  Stoner 1 2.1 
  Unidentified  
     Pennsylvanian 4 8.5 
  Unidentified 1 2.1 
  Winterset 1 2.1 
   Hafted 13 27.8 
  Bethany Falls 1 2.1 
  Curzon 2 4.3 
  Plattsmouth 2 4.3 
  Sheldon 2 4.3 
  Spring Branch 6 12.8 
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Figure 3.7. Hill Projectile Points. 
 
 
 
 
 
 
 
 
A total of 16 bifaces or biface fragments, in various stages of production, were 
found in the Hill assemblage (Figure 3.8). Several early stage bifaces, with minimal 
bifacial removals, had cortex on one or both faces. Over half the bifaces and biface 
fragments were later stage bifaces, with regular flake removals along all edges. One of 
the more refined bifaces may be an unfinished projectile point, lacking notches, with a 
small portion of the distal tip missing, or possibly an unnotched projectile point (Figure 
3.9). 
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Figure 3.8. Selection of Bifaces from Hill. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.9. Unnotched, or incomplete, biface from Hill. 
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 The Hill site assemblage contains 25 scrapers, 12 of which are unhafted or 
broken, one is stemmed and 12 are side-notched scrapers (Figure 3.10). These hafted 
scrapers are unifacially manufactured along the working edge, but have bifacially worked 
bases and notches. Significantly, they are not broken projectile points reworked into 
scrapers. The Logan Creek site in Nebraska has scrapers manufactured in this same 
manner (n~50) (Gayle Carlson, personal communication). Each of the hafted scrapers is 
manufactured from a flake, with the original bulb of percussion still present. The bases 
are similar to those of the projectile points, either straight or slightly convex, and exhibit 
grinding on the base to the notches. Several styles can be detected - contracting or 
parallel bases below the notches with straight or slightly concave bases, and there are 
several with rounded or convex bases. All of the scrapers are made from locally derived 
Pennsylvanian cherts.  
 
Figure 3.10. Selection of hafted and unhafted scrapers from Hill. 
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The general presence of these particular hafted scrapers appears to be uncommon 
among Middle Holocene sites in the east central Plains. Hafted scrapers with the same 
manufacture technique (purposefully made scrapers with a hafting element, as opposed to 
a broken projectile point re-tooled into a scraper) have been found at Logan Creek, in 
northeastern Nebraska, in large numbers. Logan Creek also contained a large number of 
bison remains in several cultural zones and these zones likely represent bison-processing 
activities. Carlson (1998) remarked that Logan Creek was most similar to Hill between 
all other Middle Holocene sites in the region. A large number (n=30) of these hafted 
scrapers have also been found at various surface sites in northern Iowa (Darrell Frerichs, 
personal communication 2012). Perhaps this specialized, unique tool was manufactured 
by the same or similar groups, and may represent the total geographic range of the same, 
or related, groups of individuals. Logan Creek Middle Holocene zones range in age from 
7250 - 6450 cal B.P. to 8310 - 7930 cal B.P. Hill fits comfortably within these ranges at 
7570 - 7420 cal B.P. (Widga 2006). While Simonsen does not contain these scrapers, the 
fact that it was a kill site, rather than a processing site would likely negate the need for 
such tools on site. 
 
Debitage 
 Roughly 850 pieces of debitage were collected from excavations at the Hill site 
(see Table A1.2 in Appendix A). The vast majority of the debitage were of local 
Pennsylvanian cherts from outcroppings and stream settings within southwestern Iowa, 
with a few pieces from glacial till that was likely available locally. Cortex was present on 
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roughly one-third of the debitage (n=244), and the flakes present represented all stages of 
bifacial reduction, thinning and sharpening. Table 3.6 presents the lithic material types 
present from debitage at Hill. This table shows counts, weights and associated 
percentages of each chert type, as well as these same figures for debitage with cortex. 
The assemblage also has nine retouched flakes. 
 
Table 3.6. Counts and weights of raw lithic materials for debitage at Hill. 
Material 
Type n % (n) Wt. (g) % (Wt.) 
n 
Cortex 
% (n)  
Cortex 
% (wt.)  
Cortex 
Argentine 3 0.4 5.1 0.1 0 0 0 
Bethany Falls 17 2 64.3 1.9 7 47 49 
Curzon 36 4.2 203.1 5.9 10 31 62 
Unidentified   
Glacial Cobble 14 1.6 106.1 3 8 64 63 
Hertha 10 1.2 16.8 0.5 1 10 8 
Unidentified 
 Pennsylvanian 329 38.4 1344 39.1 69 18 35 
Plattsmouth 1 0.1 4 0.1 0 0 0 
Sheldon 115 13.4 293.2 8.5 34 30 39 
Spring Branch 211 24.6 897.4 26.1 67 35 98 
Stoner 50 5.8 130.2 3.8 30 60 85 
Unidentified  14 1.6 46.8 1.4 3 21 30 
Winterset 54 6.3 326.1 9.5 15 31 46 
 
 
Other Lithic Material 
 Large amounts of fire-cracked rock (FCR) were found scattered throughout the 
site, and within feature context. The majority of the FCR is pink quartzite, most are 
blackened or discolored. No hammerstones, grinding stones or anvils were collected or 
mentioned in excavation field notes.  
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Flora and Fauna 
 Other than charcoal, no floral remains were recovered from the Hill site. While 
bison and large ungulates dominated the faunal assemblage, other remains include deer, 
mole, bird and turtle (Widga 2006). For a more detailed summary of vertebrate fauna 
from this site, see Widga (2006). 
 
Cultural Features 
 Three cultural features were distinguished from the other burned areas and 
disseminated patches of ash or charcoal. Feature 1 was a burned area roughly 15 by 23 
cm (6-x-9 in) with some charcoal and bone fragments present. A projectile point, two 
scrapers and a biface were noted within this burned area. Feature 2 is a small fire pit or 
hearth with a large amount of ash and charcoal, and reddish burned soil at its base. This 
fire pit was approximately 11.4 cm (4.5 in) in depth. Randomly distributed FCR (n=15) 
were recovered from this feature, as well as several small flakes. Feature 3 was also a 
large concentration of bison bone fragments and FCR (burned quartzite, n=148). 
Unfortunately, this feature was discovered just outside the excavation grid, and the 
bulldozer had removed the bulk of this feature during construction.  
 
Lipid Analysis from Cultural Features at the Hill Site 
 Three pieces of fire-cracked rock were selected for lipid analysis (see Appendix B 
for full report). One piece was randomly selected from Feature 2 (12NE1) and two pieces 
from Feature 3 (12NE2 and 12NE3). Samples 12NE1 and 12NE3 resulted in similar lipid 
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signatures, despite being from different proveniences. These two samples had high 
amounts of medium chain fatty acids, which can be found in plants with low fat content 
(maize/corn, mesquite, cholla, plant roots, greens and berries) or highly degraded 
residues from freshwater fish, terrapin (turtle), Rabdotus snails or fat-depleted elk. The 
presence of both cholesterol and β-sitosterol indicate both animal and plant lipids on 
these two samples. Fatty acids on sample 12NE2 from Feature 3 are consistent with 
decomposed cooking residues from large herbivores (deer, bison, moose). Traces of plant 
residues may also be present (Malainey and Figol 2012).  
Although samples 12NE2 and 12NE3 are from the same feature, their fatty acid 
signatures were dissimilar, and 12NE2 had concentration of residue that were 13 times 
higher than that of 12NE3 (Malainey and Figol 2012). This demonstrates that these two 
pieces may have been in different parts of the feature, used differentially or one may have 
been used more intensely than the other. With the presence of bison remains at the site, it 
is likely that the cholesterol present on these samples likely represent bison, or other large 
ungulate. Given the proximity of the site to Pony Creek, it is conceivable that fish, turtle 
or snail residue be present on these stones. Without further phytolith analysis of these 
samples, it is unlikely that the plant species can be specified, although maize/corn, 
mesquite and cholla seem unlikely given the time period under consideration. 
 
Summary of Analysis 
The above process of raw material sourcing, classification of attributes and 
recordation of metrics were employed on all pieces of chipped stone, and tools from both 
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Hill (Zone 3) and Simonsen (Zone 7). These efforts were performed in order to further 
understand processes of lithic manufacture and reduction that occurred at these sites, as 
well as ascertain information about the movement and mobility of groups in the east 
central Plains during the Middle Holocene.  
Simonsen was excavated over several field seasons, water screening matrix from 
two cultural zones over an area encompassing approximately 230 m2 (Frankforter 1959). 
An estimate for the original site exposure at Hill is roughly 675 m2. After mid-summer 
rains caused most of the site to slump into the stream, roughly 25 m2 remained 
(Frankforter 1959). Excavation of these deposits took place over several days. Despite 
differences in time and care allowed for excavation, prehistoric activities conducted at 
these sites were still discernable in the assemblages. Hill and Simonsen were two 
different sites, one a habitation site and the other a bison kill site. Because of this, the 
artifact assemblages differ between the two sites. Chapter 4 explores these differences 
further, and offers a discussion that ties together the artifacts present at these two sites, 
and their interpretation as it relates to the overall research of this study. 
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CHAPTER 4: ANALYSIS AND DISCUSSION 
Introduction 
Analysis of the lithic assemblages from both Hill and Simonsen was employed 
first and foremost to determine the geographic extent of the range utilized during the 
periods in which both sites were created and to ascertain aspects of mobility. Attribute 
and metric data were collected from the lithic artifacts in order to learn something about 
the activities that were conducted at these sites and the movement of the groups that 
created them. The previous chapter outlined the cultural material present at each site and 
the methods of analysis applied to the artifacts. Presented in this chapter is a discussion 
and interpretation of the assemblages from both Hill and Simonsen in terms of examining 
the organization of lithic technology, source materials and cortex. The chapter concludes 
with a summary of overall contributions of this research to the understanding of life in 
the Middle Holocene in the east central Great Plains. 
 While interpreting data from Hill and Simonsen it is important to remember that 
Simonsen was excavated with great care over a portion of three field seasons, while Hill 
was excavated as a salvage operation over a few days. Since it is unclear if matrix from 
Hill was screened (or if artifacts were collected in situ as discovered during excavation), 
it is possible that smaller debitage and artifacts may have been missed. Likewise, a large 
portion of the Hill was lost to erosion, and the curated assemblage represents a small 
fraction of what was originally contained within the site’s assemblage.  
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Analysis of Data 
Lithic Technology 
 As presented in Chapter 2, bifacial technology is indicative of mobile hunter-
gatherers. The presence of unfinished (unrefined) bifaces (bifacial cores) at both sites 
supports the idea that these groups were quite mobile. Preformed tools or cores, rather 
than large cobbles, are easier and lighter to transport. Bifacial cores are portable, have 
usable sharp edges with relatively long use-lives that can be used to produce single flakes 
or be shaped into a tool. From this technology comes a predictable suite of debitage 
representing reduction techniques. Debitage recovered from both Hill and Simonsen are 
characteristic of bifacial core technology. 
The projectile points from both sites are the same small-to-medium sized 
triangular side-notched points with heavily ground bases. Similar projectile points are 
reported for eastern Nebraska (Logan Creek) and elsewhere in western Iowa (Cherokee 
Sewer, Lungren, Turin, Pisgah). Hill contains slightly more bifaces than Simonsen, which 
is not surprising given the overall density of artifacts from Hill in comparison to 
Simonsen. But the bifaces from Hill tend to be early-stage bifaces, with few flake 
removals; whereas, the bifaces from Simonsen represent later stage bifaces with regular 
flake removals over most of the artifact’s surface. Both sites contain end scrapers, but the 
side-notched scrapers are only found at Hill, which could suggest prolonged residency at 
the Hill site. These scrapers would have high initial energy costs associated with 
manufacture of the tools compared to scrapers without hafts, or other expedient tools. 
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Further evidence for extended occupation here comes from the hafted scrapers, 
which often are “exhausted.” A simple Length-Width Ratio was calculated for each 
scraper (Jefferies 1990). The mean margin length was divided by the working edge 
width. The smaller the ratio, or the closer to zero, the closer the scraper is to exhaustion, 
or to the point at which it could no longer be used effectively. The largest ratio was 0.84 
and the smallest was 0.08, with an average of 0.33. Figure 4.1 displays the values for 
each of the hafted scrapers from Hill (Zone 3), with an image of the scraper with the 
smallest ratio, and the scraper with the second largest value (.77). With the exception of 
three larger scrapers, most had about one centimeter or less of the body of the scraper or 
working portion remaining (calculated by subtracting stem length from overall length), 
rendering further resharpening futile. This shows that the scrapers were not only heavily 
used, but also highly curated.  
 
Figure 4.1. Values of Length-Width Ratios for Hafted Scrapers from Hill. 
 
 
.08 .13 .14 .15 .15 .16 .2 .22 .55 .6 .77 .84 
 
From Table 4.1 it is clear that very few flakes were reported for Simonsen 
compared to Hill. Looking at the table, other trends are also noticeable. Considering the 
overall debitage assemblage from both sites, Simonsen contains a higher percentage of   
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thinning and sharpening flakes whereas the Hill assemblage includes more reduction 
flakes. The percentage of each debitage type by count and weight supports the idea that 
more lithic reduction was occurring at Hill than Simonsen, especially when considering 
the debitage from Hill came from a much smaller volume of cultural deposition than that 
from Simonsen. A visual inspection of the flakes reveals other trends in methods used in 
lithic reduction. 
 
Table 4.1. Comparison of count and weights of debitage at Simonsen and Hill.  
 
Simonsen (Zone 7) Hill (Zone 3) 
Debitage Type n (% of total) Wt. (% of total) n (% of total) Wt. (% of total) 
Reduction 15 (15) 169.8 (53) 274 (32) 698.4 (58) 
Thinning 35 (36) 62.6 (19.7) 130 (15) 251.8 (7) 
Sharpening 20 (21) 3.3 (1) 103 (12) 50.1 (1) 
Broken 20 (21) 13.3 (4.1) 252 (19) 517.5 (15) 
Shatter 7 (7) 68.9 (21.7) 97 (11) 636.8 (19) 
Total n = 97 317.9 g n = 856 3439.2 g 
 
 
Hard-hammer percussion results in a more pronounced bulb of percussion, which 
were present on many of the reduction flakes from both sites. A large number of thinning 
and sharpening flakes from both sites were manufactured using soft-hammer percussion, 
as evident in less distinct bulbs of percussion and thinner flake thicknesses. This 
reduction technique of progressing from hard-hammer to soft-hammer percussion is 
consistent with the stages of bifacial core technology and reduction sequences discussed 
by Andrefsky (2005) and Odell (2004). 
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Raw Lithic Source Material 
Debitage and chipped stone tools from both sites are overwhelming made of lithic 
material that was available locally from either glacial cobbles or Pennsylvanian 
outcroppings, with most material available within 10 – 15 km from each site, with several 
cherts up to 35 km from Hill (see Figure 4.2 and Table 4.2). The exception to this is the 
Winterset chert near the Hill site in southwestern Iowa. While still found within 
Pennsylvanian formations, outcropping of Winterset is currently available approximately 
66 kilometers away from Hill. During the Middle Holocene, Winterset (and other 
Pennsylvanian cherts) may have been available closer to the site. The most dominant 
Pennsylvanian chert utilized at Hill is Spring Branch, which is available within ten 
kilometers of the site. Ninety-seven percent of the lithics from Hill were positively 
identified as a type of Pennsylvanian chert. Just over one-third of these were identified as 
Pennsylvanian, but could not be further distinguished among these chert types (or were 
assigned to multiple Pennsylvanian chert types). The other three percent were determined 
to be either glacial till cobbles, or unidentified (most of which are likely glacial till). All 
chipped stone tools from Hill, including the projectile points and scrapers, with the 
exception of one end scraper (unidentified – possibly silicified sandstone), are made of 
Pennsylvanian chert. 
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Figure 4.2.  Map of Raw Material Locations nearest the Hill site showing 
       percentage of each chert type (by weight) of the lithic assemblage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.2. Hill Lithic Debitage by Percent and Distance from the site. 
 
Material Source % (n) % (Wt.) 
Distance from  
Site (km) 
Argentine 0.4 0.1 26 
Bethany Falls 2 1.9 35 
Curzon 4.2 5.9 13 
Glacial Till 1.6 3 N/A 
Hertha 1.2 0.5 35 
Pennsylvanian 38.4 39.1 N/A 
Plattsmouth 0.1 0.1 14 
Sheldon 13.4 8.5 14 
Spring Branch 24.6 26.1 8 
Stoner 5.8 3.8 14 
Unidentified  1.6 1.4 N/A 
Winterset 6.3 9.5 66 
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There are no modern-day outcroppings of knappable lithic material available in 
northwestern Iowa; however, glacially relocated cobbles of Tongue River Silica (TRS) 
are readily available as relocated glacial till (moved from North and South Dakota) 
within 15 km of Simonsen (Table 4.3) (Anderson and Horgen 2011). Seventy percent of 
the debitage and tools at Simonsen are made of Tongue River Silica. Four of the five 
projectile points were manufactured from TRS, and the fifth was made from black 
chalcedony (possibly glacial till). Five bifaces were made on TRS and three were 
determined to be of glacial till. One biface was made from Banded Sioux Quartzite that 
may have been procured from the extreme northwestern part of Iowa; however, Sioux 
Quartzite can also be found as till throughout the area. The three scrapers from Simonsen 
were manufactured on TRS, quartz and glacial till. All material types from tools at 
Simonsen were also represented in the debitage assemblage, signifying these tools were 
likely sharpened or retouched on site. 
 
Table 4.3. Simonsen Lithic Debitage by Percent and Distance from the site. 
Material  % (n) % (Wt.) 
Distance from 
Site (km) 
Basalt 4 7 N/A 
Black Chalcedony 1 0.03 N/A 
Glacial Till 13 26 N/A 
Quartz 11 2.5 N/A 
Sioux Quartzite 2 0.3 N/A 
TRS 68 63.9 15 
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Cortex Analysis 
 The amount of cortex present in the lithic assemblage at archaeological sites has 
been known to yield data that can suggest aspects of mobility. Only seven pieces of 
debitage from Simonsen had cortex (7% of the total debitage), all of which were on 
flakes of Tongue River Silica. These flakes represent 10% of the total debitage by count 
and 2% by weight (see Table 4.4). 
 
Table 4.4. Number of debitage flakes with cortex at Simonsen. 
 
Amount of Cortex 
Debitage Type 100% 75% 50% 25% 
Reduction Flake 2 1 1 1 
Thinning Flake 0 0 1 1 
 
TRS has been found in stream settings north of the site, and it is reasonable to 
assume that this material may have been available within the direct locality of Simonsen 
during the Middle Holocene. One biface was found to have a small amount of cortex on 
one face. It is likely, given the nature of activities at Simonsen, that most tools were 
already manufactured or on hand prior to the actual kill event. These cortical flakes could 
represent further reduction of a biface (or bifaces) in the existing toolkit to meet needs 
during initial bison processing. 
 Roughly one-third of the debitage from Hill had cortex, which represents 63 
percent of the overall debitage weight (see Table A1.3 in Appendix A). Argentine and 
Plattsmouth were the only two chert types lacking debitage with cortex. Approximately 
60% of unidentified glacial cobbles, Curzon and Spring Branch each exhibited cortex, 
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and 85% of Stoner chert had cortex. Curzon, Spring Branch and Stoner cherts have the 
closest modern-day known locations nearest the Hill site. It is likely that during the 
Middle Holocene, these cherts, as well as other Pennsylvanian cherts, were available 
either in outcropping or stream contexts closer to (and farther from) the site. Most known 
Pennsylvanian chert nodules are roughly 15 to 20 cm in diameter (Morrow 1994). While 
not very large, even at this size it would seem likely that some reduction would take place 
before the pieces were transported. The moderate quantity of cortical flakes at the site 
would seem to indicate that cores or nodules were reduced on site, but likely only after 
initial reduction was conducted at the procurement location. Table A1.3 displays an 
overall low percentage of primary decortication flakes than would be expected if raw 
cobbles were reduced completely on site.  
 
Results and Discussion of Data 
 Overall, the differences in assemblage content between the two sites are not as 
profound as the difference in number of artifacts. When considering the activities that 
contributed to the deposition of cultural material at Simonsen and Hill, this makes sense. 
As a bison kill site, Simonsen would have been occupied for a single purpose and over a 
much shorter timespan by fewer members of a group (presumably only those in the 
hunting party) than Hill, which was likely occupied by a larger group of individuals 
(perhaps the entire group) over a longer period of time. Presumably, there would be little 
need to manufacture entire points at a bison kill site, but there would be need to sharpen 
and maintain tools, or fill impromptu needs. The debitage assemblage from Hill includes 
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many reduction flakes representative of tool manufacture on site either from large 
cobbles, preforms or cores, including a large number of reduction flakes and overall 
number of flakes with cortex present. Simonsen had only seven flakes with cortex.  
 As previously mentioned in Chapter 3, Simonsen did have one chert end scraper 
and one large basalt scraper. It is likely that the Simonsen bison were killed at this 
location, and only initial processing took place on site (as evident in the large anvil stones 
and number of broken bison bones). While there were many more bison discovered at 
Simonsen (Zone 7; MNI = 21), there were no hafted scrapers, again, indicating that 
extensive processing of the bison likely occurred off site.  
Overall, a number of different activities likely took place at Hill. One of the most 
evident activities was bison hide processing and manipulating wood resources. A dozen 
hafted scrapers were found at Hill, along with the remains of at least two bison (NISP = 
56), and large number of large ungulate remains (NISP = 67) (Widga 2006:73). Use-wear 
analysis of these scrapers indicates heavy usage for both wood and hide (Melody Pope, 
personal communication 2012). The use of scrapers for wood and bison hide processing 
is not too surprising; however, the extent of use of these scrapers is remarkable.  
Projectile points from Hill and Simonsen are very similar in size and manufacture. 
This is not surprising, given the similarities between all the projectile points of the 
Middle Holocene sites in this subregion. One difference in the projectile points between 
the two sites is their possible use. Three of the points from Hill exhibit excessive wear 
along one lateral margin. This pattern suggests the use of these projectile points as 
knives. The points from Simonsen do not exhibit this same pattern of wear. These 
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“knives” may have been used in conjunction with the hafted scrapers to further process 
the bison, or as cutting implements in other tasks. If only coarse bison processing was 
conducted at Simonsen (presumably before hauling the bison remains off site to be 
further processed elsewhere), the unrefined bifaces may have been sufficient for such 
cutting and chopping tasks. 
  
Summary 
 This chapter summarizes data collected from detailed analysis that was performed 
on the lithic assemblages from both Hill and Simonsen. The artifacts from these two sites 
are consistent with the interpretation of Hill (Zone 3) as a habitation site and Simonsen 
(Zone 7) as a bison kill site. The interpretation of the artifacts in the context of their 
respective sites contributes to the overall image of activities performed at these sites, and 
lends ideas of mobility and subsistence practices. The following chapter provides a 
review of analysis conducted, the resulting interpretations and concluding remarks 
concerning this research and its role in contributing to knowledge of Middle Holocene 
lifeways in the east central Plains. 
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CHAPTER 5: CONCLUSION 
Introduction 
 This research has attempted to parse out details of mobility and range during the 
Middle Holocene in the east central Great Plains via the lithic assemblages at Hill and 
Simonsen. The preceding chapters have provided theoretical information supporting and 
illuminating specific methods utilized in analysis of cultural materials present at two 
archaeological sites in western Iowa. This chapter summarizes research conducted and 
results obtained while integrating these findings with previous studies of the Middle 
Holocene in this subregion. 
 
Summary of Research 
 Outdated references declared that the Great Plains were abandoned during the 
Middle Holocene warming period known as the Hypsithermal (Mulloy 1958; Sheehan 
1995; Wheeler 1958). In contrast, other researchers suggested that this region was not 
abandoned, but that archaeological evidence of its Middle Holocene inhabitants were 
victim to natural geological processes that buried these sites beneath many meters of 
sediment or completely eroded sites away (Artz 1996; Mandel 1995; Meltzer 1999; 
Reeves 1973). Because Middle Holocene sites are not easily discovered with current 
standard archaeological field methods, few sites are known that date to this time period. 
Of these sites, even fewer have been analyzed or published. As a result, hunter-gatherer 
lifeways in the east central Plains are poorly understood.  
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Bison and Human Mobility 
 Widga’s (2006) analysis of bison remains throughout the Great Plains 
demonstrated that bison herds remained within small geographic territories and did not 
migrate as far as previously thought. Chapter 2 summarized arguments based on prey 
choice and patch choice models arguing that if bison were a “local” and predictable 
resource (thus reducing risk and cost), hunter-gatherers would preferentially exploit them. 
To determine whether human groups mirrored their geographic range to that of the bison, 
I analyzed lithic materials from two archaeological sites. Establishing geographic 
boundaries of human mobility can be approximated via sourcing raw lithic materials. 
Widga (2006) was concluded that the bison at Simonsen were killed during the 
late summer or fall, during the time of year bison herds typically coalesce, thus making 
them a larger and more profitable endeavor. Analysis of the Simonsen bison remains also 
shows that members from within the herd may have dispersed during the summer months 
with some members grazing in riparian environments along streams and others in upland 
areas (Widga 2006:152). The strontium isotope analysis indicates that these bison grazed 
between eastern South Dakota (James Lobe; 100 km west of the site) and northwestern 
Iowa (Des Moines Lobe; 20 km east of the site), but did not show evidence of grazing in 
Missouri River valley sediments or entering central Nebraska  (Widga et al. 2010:456). 
The single bison tooth tested at Hill revealed that during the time of tooth formation, this 
bison might have grazed in the upland areas of southwestern Iowa, outside the immediate 
locale of the site (Widga et al 2010:458). No season-of-death approximations were 
provided for Hill. Given these results, Widga (2006) concludes that local bison herds 
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would be available within a small foraging radius of most Middle Holocene sites 
included in his study (which encompasses Hill and Simonsen). Utilization of bison 
resources (as evident in assemblages at both Hill and Simonsen) did not necessitate long-
distance logistical movement (>100 km). 
 Of the bison remains studied in Widga’s research, none provided evidence that 
they were restrained to a permanent water resource, such as lakes or ponds. Additionally 
none of the bison remains showed signs of mal-nutrition or environmental stress (Widga 
2006). This signifies that the bison herds were capable of regulating their population size 
to adjust to climate-induced stressors, or that the climate during the time that Hill and 
Simonsen were created was not severe enough to create environmental stress. Or perhaps, 
instead of seeking refugia along the Front Range, as has been suggested by early Middle 
Holocene researchers, bison and people were seeking patches of reliable resources 
directly adjacent to substantial water resources along which linear movement was 
possible.  
 Chapter 3 summarized cultural material from Hill and Simonsen in western Iowa, 
in particular the lithic assemblages. The presence of a large amount of chipped stone 
debitage with cortex, as well as flakes representing all stages of bifacial reduction 
confirm that tools were manufactured at Hill. The amount of cortex suggests that initial 
reduction of raw materials would have been employed off site, possibly at the source 
location. A fair amount of cortex is present in the Hill assemblage, indicating initial 
reduction of cobbles and cores did not completely remove all cortex. The amount of lithic 
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material, faunal remains and the existence of hearths and burned areas indicates that Hill 
was a habitation, or campsite, rather than a bison kill site.  
On the other hand, Simonsen has a low density of lithic debitage, which consists 
primarily of flakes consistent with tool maintenance rather than tool manufacture. 
Articulated bison remains, large anvil stones, hearths and projectile points, with a virtual 
absence of other faunal remains, are evidence that Simonsen was a bison kill site rather 
than a habitation site. Lack of scrapers similar to those at Hill show that the bison at 
Simonsen were not processed extensively on site, but were likely taken to a secondary 
locale for further processing. The overall amount of bison remains at both sites coupled 
with chipped stone technology capable of dispatching and processing bison signify that 
these hunter-gatherers regularly exploited bison. The organization of lithic technology at 
these sites indicates a mobile lifestyle. 
Sourcing of the raw lithic materials (tools and debitage) demonstrates that in both 
sites, lithic materials were procured primarily from outcroppings or stream cobbles 
available within a range of roughly 40 km from each site, with the majority of both 
located within 10 to 15 kilometers from each site. These figures are well within the range 
for bison suggested by Widga (2006). This is not to say conclusively that these hunter-
gatherers remained within this small area. The lithic technology from these sites suggest 
that while still mobile, these people were not using cherts from eastern Iowa (i.e., 
Burlington) or eastern Nebraska. 
It is possible that Pennsylvanian source locations were closer to the site than 
known modern locations. The presence of canid remains at Simonsen (Zone 3), Cherokee 
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Sewer (Horizon Ib), Logan Creek (Zone D) and no fewer than seven other Middle 
Holocene sites in the eastern Plains suggests possible use of canids to offset energy costs 
associated with transporting resources during this period, although there was no evidence 
of canid remains in Zone 7 at Simonsen or in any zone at Hill (Widga 2006:196). Either 
way, the evidence in the assemblages demonstrates that bifacial cores with at least some 
cortex present were being further reduced on site. 
 
Future Research 
One of the more interesting trends in Middle Holocene sites of the east central 
Plains, not seen in Hill and Simonsen owing to their limited number of occupation zones, 
is the fact that as the Middle Holocene progresses in time, subsequent cultural zones at 
Logan Creek and Cherokee Sewer include increased amounts of non-local raw materials. 
The oldest zones from each site contain nearly exclusively local cherts. In contrast, the 
uppermost zones from these sites contain almost all non-local cherts, with a gradual 
transition seen in the middle zones (Anderson 1980; Gayle Carlson, personal 
communication 2012). Are hunter-gatherers broadening their territories through time, or 
are trade networks established between neighboring groups?  
The hafted scrapers of Hill and Logan Creek are also found in a few other buried 
sites in western Iowa, as well as several surficial sites in northern Iowa. Does this 
represent the geographic extent of a particular group of hunter-gatherers? Or do these 
scrapers represent an ephemeral trend in lithic technology that does not extend to other 
Middle Holocene sites to the north, south and east of this area, even though the Logan 
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Creek Complex side-notched projectile point can be seen as far east as the Prairie 
Peninsula? Further research mapping the time-scale and geographic extent of these 
projectile points would be interesting, especially if the stone tool technology followed the 
expansion of the prairie into the eastern Woodlands. 
Questions addressing direct impact (if any) of the Hypsithermal on humans living 
in the east central Great Plains are outside the reaches of this research, but would be 
crucial in the understanding of prehistoric lifeways. These questions should be the focus 
of future research endeavors concerning archaeological remains throughout this region. 
Many other Middle Holocene sites were recorded or excavated in the mid-twentieth 
century. These sites need to be further analyzed and published so that a more refined 
understanding of hunter-gatherer lifeways in this subregion can be achieved. 
 
Conclusion 
Analysis of lithic material from assemblages at Hill and Simonsen reveal 
interesting results. First, the presence of bifacial core technology suggests some degree of 
mobility. Incomplete, or early stage bifaces and formal chipped stone tools allow hunter-
gatherers to easily transport raw lithic materials through areas where source locations 
may be unpredictable or unavailable.  
Sourcing raw material used indicates that both groups are procuring lithic material 
from bedrock exposures or cobbles in stream context that are available (as evident in 
modern day outcroppings) within approximately 35 km of Hill and within 15 km of 
Simonsen. These raw materials from both southwest Iowa and northwest Iowa are not 
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exclusively available within this small radius around each site, but are also available 
within an area expanding at least 100 km from each site. Distinctive cherts are available 
to the east and west of each site in central Iowa and eastern Nebraska, but are not present 
at either site. Higher quality Pennsylvanian chert in southwestern Iowa is not present at 
Simonsen, which is less than 200 km away. Likewise, higher quality Mississippian cherts 
from central and eastern Iowa are not present on either site, indicating that these hunter-
gatherer groups were mobile, but on a restricted scale. 
The amount of cortex present, especially in the Hill assemblage, suggests that 
cores reduced on site had at least partial cortical surfaces. This demonstrates that source 
locations were not immediately adjacent to the site locations, and that travel throughout 
the subregion was necessary to obtain raw lithic materials. 
The hunter-gatherers that created Hill and Simonsen were a mobile community. 
Movement appears to be somewhat restricted to an area less than 100 km from each site 
(perhaps even closer to 50 km), as evident in the lack of lithic material from locations 
beyond this extent. Bison remains from Hill and Simonsen provide evidence that herds 
maintained a range of approximately 100 km. This study has demonstrated that human 
hunter-gatherer groups and bison herds from the Middle Holocene in western Iowa 
maintained similar geographic ranges of mobility. 
Whether or not the Hypsithermal climate change caused environmental stress, and 
whether or not the people living in the east central Plains had to adapt to any such climate 
changes remains to be seen. However, it has been shown that bison herds were local, 
predictable and available in sufficient numbers to support human populations. Models of 
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prehistoric ecology suggest that hunter-gatherers likely would have preferentially 
exploited these bison herds because they allowed for a high return on investment with 
few risk factors. The number of bison remains present at both Hill and Simonsen, coupled 
with the specialized tools (hafted scrapers at Hill) for heavy bison hide processing 
demonstrate that bison were an important and heavily utilized resource. High percentages 
of local lithic material present at Hill and Simonsen are evidence that, at least during the 
times the sites were created, people remained within a relatively small geographic area, 
similar to that of the bison herds.  
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Table A1.1 Counts and weights organized by debitage and material type for Simonsen 
(Zone 7).	  
Debitage Type n % (n) 
Weight 
(g) % (Wt.) 
Reduction (Total) 16 16 175.7 54 
   Basalt 2 2 17.9 5.5 
   Glacial Till 2 2 16.3 5 
   Quartz 1 1 4.3 1.3 
   TRS 11 11 137.2 42.2 
     Thinning (Total) 36 36 64 20 
   Basalt 1 1 0.1 0.03 
   Black  
     Chalcedony 1 1 0.1 0.03 
   Glacial Till 4 4 9.7 3 
   Quartz 6 6 2.4 0.7 
   Sioux Quartzite 1 1 0.7 0.2 
   TRS 23 23 51 15.7 
     Sharpening (Total) 21 21 3.4 1 
   Glacial Till 6 6 0.06 0.02 
   Quartz 3 3 1.2 0.4 
   Sioux Quartzite 1 1 0.1 0.03 
   TRS 11 11 1.5 0.5 
     Broken (Total) 20 20 13.3 4 
   Glacial Till 1 1 0.5 0.2 
   Quartz 1 1 0.1 0.03 
   TRS 18 18 12.7 3.9 
     Shatter (Total) 7 7 68.9 21 
   Basalt 1 1 4.4 1.4 
   Glacial Till 2 2 62.3 19.2 
   TRS 4 4 2.2 0.7 
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Table A1.2 Counts and weights organized by debitage and material type for Hill  
(Zone 3). 
 
Debitage Type n % (n) Weight (g) % (Wt.) 
Reduction (Total) 274 32 1983.0 58 
   Argentine 1 0.1 4.0 0.1 
   Bethany Falls 5 0.6 33.3 1 
   Curzon 15 1.8 146.0 4.2 
   Glacial Till 10 1.2 91.9 2.7 
   Hertha 4 0.5 9.5 0.3 
   Pennsylvanian 88 10 849.7 24.7 
   Plattsmouth 1 0.1 4.0 0.1 
   Sheldon 29 3.4 92.6 2.7 
   Spring Branch 79 9.2 479.7 14 
   Stoner 15 1.7 43.0 1.3 
   Unidentified 8 0.9 27.6 0.8 
   Winterset 18 2 201.7 5.9 
     Thinning 130 15 251.8 7 
   Argentine 1 0.1 0.5 0.01 
   Bethany Falls 4 0.5 20.9 0.6 
   Curzon 5 0.6 14.4 0.4 
   Glacial Till 1 0.1 2.1 0.06 
   Pennsylvanian 31 3.6 36.8 1 
   Sheldon 30 3.5 52.2 1.5 
   Spring Branch 40 4.7 87.0 2.5 
   Stoner 6 0.7 7.7 0.2 
   Winterset 12 1.4 30.9 0.9 
     Sharpening (Total) 103 12 50.1 1 
   Argentine 1 0.1 0.6 0.01 
   Bethany Falls 1 0.1 0.6 0.01 
   Curzon 4 0.5 1.7 0.05 
   Glacial Till 1 0.1 1.0 0.03 
   Hertha 1 0.1 0.1 <0.01 
   Pennsylvanian 46 5.4 15.9 0.5 
   Sheldon 18 2.1 10.8 0.3 
   Spring Branch 22 2.6 15.0 0.4 
   Stoner 7 0.8 3.1 0.1 
   Unidentified 1 0.1 0.7 0.02 
   Winterset 1 0.1 0.6 0.01 
     Broken (Total) 252 29 517.5 15 
   Bethany Falls 6 0.7 9.1 0.3 
   Curzon 8 0.9 6.1 0.2 
   Glacial Till 2 0.2 11.0 0.3 
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   Hertha 4 0.4 6.8 0.2 
   Pennsylvanian 112 13 169.3 4.9 
   Sheldon 33 3.9 60.9 1.8 
   Spring Branch 59 6.9 174.2 5 
   Stoner 14 1.6 20.9 0.6 
   Unidentified 3 0.3 13.8 0.4 
   Winterset 12 1.4 45.4 1.3 
     Shatter (Total) 97 11 636.8 19 
   Bethany Falls 1 0.1 0.5 0.01 
   Curzon 4 0.5 34.9 1 
   Hertha 1 0.1 0.4 0.01 
   Pennsylvanian 52 6.1 272.3 8 
   Sheldon 5 0.6 76.7 2.2 
   Spring Branch 11 1.2 141.5 4.1 
   Stoner 8 0.9 55.5 1.6 
   Unidentified 2 0.2 4.7 0.1 
   Winterset 11 1.3 47.5 1.4 
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Table A1.3. Counts and Weights for Debitage with Cortex at Hill (Zone 3). 
Debitage Type 100% 75% 50% 25% Total 
Reduction n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) 
   Argentine 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Bethany Falls 1 11.6 1 13.0 0 0.0 1 1.3 3 25.9 
   Curzon 1 49.1 0 0.0 0 0.0 6 38.1 7 87.2 
   Unidentified  
     Glacial Cobble 4 23.5 0 0.0 0 0.0 2 31.9 6 55.4 
   Hertha 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Unidentified   
      Pennsylvanian 9 423.4 6 36.8 3 4.9 16 149.0 34 672.7 
   Plattsmouth 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Sheldon 0 0.0 0 0.0 2 6.6 12 41.8 14 48.4 
   Spring Branch 6 70.6 9 101.3 3 37.3 25 130.8 44 340.0 
   Stoner 4 8.4 0 0.0 2 26.0 5 4.8 11 39.2 
   Unidentified 1 6.0 1 7.4 0 0.0 0 0.0 2 13.3 
   Winterset 2 60.7 1 34.7 0 0.0 5 29.9 8 125.4 
        
Total 129 1408.0 
           
 
100% 75% 50% 25% Total 
Thinning n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) 
   Argentine 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Bethany Falls 0 0.0 0 0.0 0 0.0 1 2.4 1 2.4 
   Curzon 0 0.0 0 0.0 0 0.0 1 3.8 1 3.8 
   Unidentified  
     Glacial Cobble 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Unidentified 
     Pennsylvanian 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Sheldon 0 0.0 2 0.8 0 0.0 4 7.3 6 11.1 
   Spring Branch 0 0.0 1 12.4 1 10.3 1 3.8 3 26.4 
   Stoner 0 0.0 0 0.0 1 2.5 1 0.9 2 2.4 
   Winterset 0 0.0 1 11.7 0 0.0 1 3.8 2 15.5 
        
Total 15 61.6 
           
 
100% 75% 50% 25% Total 
Sharpening n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) 
   Argentine 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Bethany Falls 0 0.0 0 0.0 0 0.0 1 0.6 1 0.6 
   Curzon 0 0.0 0 0.0 1 0.6 0 0.0 1 0.6 
   Unidentified  
     Glacial Cobble 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Hertha 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Unidentified 
     Pennsylvanian 0 0.0 0 0.0 0 0.0 7 3.9 7 3.9 
   Sheldon 0 0.0 0 0.0 0 0.0 1 0.1 1 0.1 
   Spring Branch 0 0.0 0 0.0 1 1.8 1 0.3 2 2.1 
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   Stoner 0 0.0 0 0.0 1 0.8 2 0.6 3 1.4 
   Unidentified 0 0.0 1 0.7 0 0.0 0 0.0 1 0.7 
   Winterset 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
        
Total 16 9.4 
           
 
100% 75% 50% 25% Total 
Broken n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) 
   Bethany Falls 0 0.0 0 0.0 0 0.0 2 1.4 2 1.4 
   Curzon 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Unidentified  
     Glacial Cobble 0 0.0 1 10.8 0 0.0 1 0.2 2 11.0 
   Hertha 0 0.0 1 1.4 0 0.0 0 0.0 1 1.4 
   Unidentified 
     Pennsylvanian 10 15.1 4 8.2 1 56.3 4 9.5 19 89.0 
   Sheldon 3 2.8 4 17.0 1 6.2 3 12.1 11 38.1 
   Spring Branch 3 29.7 3 17.1 3 7.6 6 23.6 15 78.0 
   Stoner 3 3.0 2 9.8 1 0.2 3 3.0 9 16.0 
   Unidentified 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Winterset 0 0.0 1 1.0 0 0.0 1 0.8 2 1.8 
        
Total 61 236.7 
           
 
100% 75% 50% 25% Total 
Shatter n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) 
   Bethany Falls 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Curzon 0 0.0 0 0.0 0 0.0 1 3.2 1 3.2 
   Hertha 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Unidentified 
     Pennsylvanian 3 12.9 0 0.0 2 7.0 4 13.4 9 33.3 
   Sheldon 0 0.0 0 0.0 0 0.0 2 16.3 2 16.3 
   Spring Branch 1 3.2 0 0.0 1 62.1 1 9.1 3 74.4 
   Stoner 0 0.0 1 27.0 0 0.0 4 24.3 5 51.3 
   Unidentified 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
   Winterset 0 0.0 0 0.0 0 0.0 3 7.3 3 7.3 
        Total 23 185.8 
           
 
100% 75% 50% 25% 
 
 
n Wt. (g) n Wt. (g) n Wt. (g) n Wt. (g) 
Grand Total  51 720.0 40 311.1 24 230.2 128 579.3   
Grand Total % 21 39 16 17 10 13 52 31   
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Introduction 
 Three pieces of fire-cracked rock from two features were submitted for analysis.  
Exterior surfaces were ground off to remove any contaminants; samples were crushed and 
absorbed lipid residues were extracted with organic solvents.  The lipid extract was analyzed 
using gas chromatography (GC), high temperature GC (HT-GC) and high temperature gas 
chromatography with mass spectrometry (HT-GC/MS).  Residue identifications were based 
on fatty acid decomposition patterns of experimental residues, lipid distribution patterns and 
the presence of biomarkers.  Procedures for the identification of archaeological residues are 
outlined below; following this, analytical procedures and results are presented. 
The Identification of Archaeological Residues 
Identification of Fatty Acids 
Fatty acids are the major constituents of fats and oils (lipids) and occur in nature as 
triglycerides, consisting of three fatty acids attached to a glycerol molecule by ester-
linkages.  The shorthand convention for designating fatty acids, Cx:yωz, contains three 
components.  The “Cx” refers to a fatty acid with a carbon chain length of x number of 
atoms.  The “y” represents the number of double bonds or points of unsaturation, and the 
“ωz” indicates the location of the most distal double bond on the carbon chain, i.e. closest to 
the methyl end.  Thus, the fatty acid expressed as C18:1ω9, refers to a mono-unsaturated 
isomer with a chain length of 18 carbon atoms with a single double bond located nine 
carbons from the methyl end of the chain.  Similarly, the shorthand designation, C16:0, 
refers to a saturated fatty acid with a chain length of 16 carbons. 
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Their insolubility in water and relative abundance compared to other classes of 
lipids, such as sterols and waxes, make fatty acids suitable for residue analysis.  Since 
employed by Condamin et al. (1976), gas chromatography has been used extensively to 
analyze the fatty acid component of absorbed archaeological residues.  The composition of 
uncooked plants and animals provides important baseline information, but it is not possible 
to directly compare modern uncooked plants and animals with highly degraded 
archaeological residues.  Unsaturated fatty acids, which are found widely in fish and plants, 
decompose more readily than saturated fatty acids, sterols or waxes.  In the course of 
decomposition, simple addition reactions might occur at points of unsaturation (Solomons 
1980) or peroxidation might lead to the formation of a variety of volatile and non-volatile 
products which continue to degrade (Frankel 1991).  Peroxidation occurs most readily in 
fatty acids with more than one point of unsaturation. 
Attempts have been made to identify archaeological residues using criteria that 
discriminate uncooked foods (Marchbanks 1989; Skibo 1992; Loy 1994).  The major 
drawback of the distinguishing ratios proposed by Marchbanks (1989), Skibo (1992) and 
Loy (1994) is they have never been empirically tested.  The proposed ratios are based on 
criteria that discriminate food classes on the basis of their original fatty acid composition.  
The resistance of these criteria to the effects of decompositional changes has not been 
demonstrated.  Rather, Skibo (1992) found his fatty acid ratio criteria could not be used to 
identify highly decomposed archaeological samples. 
In order to identify a fatty acid ratio unaffected by degradation processes, Patrick et 
al. (1985) simulated the long-term decomposition of one sample and monitored the resulting 
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changes.  An experimental cooking residue of seal was prepared and degraded in order to 
identify a stable fatty acid ratio.  Patrick et al. (1985) found that the ratio of two C18:1 
isomers, oleic and vaccenic, did not change with decomposition; this fatty acid ratio was 
then used to identify an archaeological vessel residue as seal.  While the fatty acid 
composition of uncooked foods must be known, Patrick et al. (1985) showed that the effects 
of cooking and decomposition over long periods of time on the fatty acids must also be 
understood. 
Development of the Identification Criteria 
As the first stage in developing the identification criteria used herein, the fatty acid 
compositions of more than 130 uncooked Native food plants and animals from Western 
Canada were determined using gas chromatography (Malainey 1997; Malainey et al. 
1999a).  When the fatty acid compositions of modern food plants and animals were subject 
to cluster and principal component analyses, the resultant groupings generally corresponded 
to divisions that exist in nature (Table 1).  Clear differences in the fatty acid composition of 
large mammal fat, large herbivore meat, fish, plant roots, greens and berries/seeds/nuts were 
detected, but the fatty acid composition of meat from medium-sized mammals resembles 
berries/seeds/nuts. 
Samples in cluster A, the large mammal and fish cluster had elevated levels of C16:0 
and C18:1 (Table 1).  Divisions within this cluster stemmed from the very high level of 
C18:1 isomers in fat, high levels of C18:0 in bison and deer meat and high levels of very 
long chain unsaturated fatty acids (VLCU) in fish.  Differences in the fatty acid composition 
of plant roots, greens and berries/seeds/nuts reflect the amounts of C18:2 and C18:3ω3 
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present.  The berry, seed, nut and small mammal meat samples appearing in cluster B have 
very high levels of C18:2, ranging from 35% to 64% (Table 1).  Samples in subclusters V, 
VI and VII have levels of C18:1 isomers from 29% to 51%, as well.  Plant roots, plant 
greens and some berries appear in cluster C.  All cluster C samples have moderately high 
levels of C18:2; except for the berries in subcluster XII, levels of C16:0 are also elevated.  
Higher levels of C18:3ω3 and/or very long chain saturated fatty acids (VLCS) are also 
common except in the roots which form subcluster XV. 
Secondly, the effects of cooking and degradation over time on fatty acid 
compositions were examined.  Originally, 19 modern residues of plants and animals from 
the plains, parkland and forests of Western Canada were prepared by cooking samples of 
meats, fish and plants, alone or combined, in replica vessels over an open fire (Malainey 
1997; Malainey et al. 1999b).  After four days at room temperature, the vessels were broken 
and a set of sherds analysed to determine changes after a short term of decomposition.  A 
second set of sherds remained at room temperature for 80 days, then placed in an oven at 
75°C for a period of 30 days in order to simulate the processes of long term decomposition.  
The relative percentages were calculated on the basis of the ten fatty acids (C12:0, C14:0, 
C15:0, C16:0, C16:1, C17:0, C18:0, C18:1w9, C18:1w11, C18:2) that regularly appeared in 
Precontact Period vessel residues from Western Canada.  Observed changes in fatty acid 
composition of the experimental cooking residues enabled the development of a method for 
identifying the archaeological residues (Table 2). 
It was determined that levels of medium chain fatty acids (C12:0, C14:0 and C15:0), 
C18:0 and C18:1 isomers in the sample could be used to distinguish degraded experimental 
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cooking residues (Malainey 1997; Malainey et al. 1999b).  Higher levels of medium chain 
fatty acids, combined with low levels of C18:0 and C18:1 isomers, were detected in the 
decomposed experimental residues of plants, such as roots, greens and most berries.  High 
levels of C18:0 indicated the presence of large herbivores.  Moderate levels of C18:1 
isomers, with low levels of C18:0, indicated the presence of either fish or foods similar in 
composition to corn.  High levels of C18:1 isomers with low levels of C18:0, were found in 
residues of beaver or foods of similar fatty acid composition.  The criteria for identifying six 
types of residues were established experimentally; the seventh type, plant with large 
herbivore, was inferred (Table 2).  These criteria were applied to residues extracted from 
more than 200 pottery cooking vessels from 18 Western Canadian sites (Malainey 1997; 
Malainey et al. 1999c; 2001b).  The identifications were found to be consistent with the 
evidence from faunal and tool assemblages for each site. 
Work has continued to understand the decomposition patterns of various foods and 
food combinations (Malainey et al. 2000a, 2000b, 2000c, 2001a; Quigg et al. 2001).  The 
collection of modern foods has expanded to include plants from the Southern Plains.  The 
fatty acid compositions of mesquite beans (Prosopis glandulosa), Texas ebony seeds 
(Pithecellobium ebano Berlandier), tasajillo berry (Opuntia leptocaulis), prickly pear fruit 
and pads (Opuntia engelmannii), Spanish dagger pods (Yucca treculeana), cooked sotol 
(Dasylirion wheeler), agave (Agave lechuguilla), cholla (Opuntia imbricata), piñon (Pinus 
edulis) and Texas mountain laurel (or mescal) seed (Sophora secundiflora) have been 
determined.  Experimental residues of many of these plants, alone or in combination with 
deer meat, have been prepared by boiling foods in clay cylinders or using sandstone for 
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either stone boiling (Quigg et al. 2000) or as a griddle.  In order to accelerate the processes 
of oxidative degradation that naturally occur at a slow rate with the passage of time, the rock 
or clay tile containing the experimental residue was placed in an oven at 75°C.  After either 
30 or 68 days, residues were extracted and analysed using gas chromatography.  The results 
of these decomposition studies enabled refinement of the identification criteria (Malainey 
2007). 
Using Lipid Distribution and Biomarkers to Identify Archaeological Residues 
Archaeological scientists working in the United Kingdom have had tremendous 
success using high temperature-gas chromatography (HT-GC) and gas chromatography with 
mass spectrometry (HT-GC/MS) to identify biomarkers.  High temperature gas 
chromatography is used to separate and assess a wide range of lipid components, including 
fatty acids, long chain alcohols and hydrocarbons, sterols, waxes, terpenoids and 
triacylglycerols (Evershed et al. 2001).  The molecular structure of separated components is 
elucidated by mass spectrometry (Evershed 2000). 
Triacylglycerols, diacylglycerols and sterols can be used to distinguish animal-
derived residues, which contain cholesterol and significant levels of both triacylglycerols, 
from plant-derived residues, indicated by plant sterols, such as β-sitosterol, stigmasterol and 
campesterol, and only traces of triacylglycerols (Evershed 1993; Evershed et al. 1997a; 
Dudd and Evershed 1998).  Barnard et al. (2007), however, have recently suggested that 
microorganisms living off residues can introduce β-sitosterol into residues resulting from the 
preparation of animal products.  Waxes, which are long-chain fatty acids and long-chain 
alcohols that form protective coatings on skin, fur, feathers, leaves and fruit, also resist 
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decay.  Evershed et al. (1991) found epicuticular leaf waxes from plants of the genus 
Brassica in vessel residues from a Late Saxon/Medieval settlement.  Cooking experiments 
later confirmed the utility of nonacosane, nonacosan-15-one and nonacosan-15-ol to indicate 
the preparation of leafy vegetables, such as turnip or cabbage (Charters et al. 1997).  Reber 
et al. (2004) recently suggested n-dotriacontanol could serve as an effective biomarker for 
maize in vessel residues from sites located in Midwestern and Eastern North America.  
Beeswax can be identified by the presence and distribution of n-alkanes with carbon chains 
23 to 33 atoms in length and palmitic acid wax esters with chains between 40 and 52 
carbons in length (Heron et al. 1994; Evershed et al. 1997b). 
Terpenoid compounds, or terpenes, are long chain alkenes that occur in the tars and 
pitches of higher plants.  The use of GC and GC/MS to detect the diterpenoid, 
dehydroabietic acid, from conifer products in archaeological residues extends over a span of 
25 years (Shackley 1982; Heron and Pollard 1988).  Lupeol, α- and β-amyrin and their 
derivatives indicate the presence of plant materials (Regert 2007).  Eerkens (2002) used the 
predominance of the diterpenoid, Δ–8(9)-isopimaric acid, in a vessel residue from the 
western Great Basin to argue it contained piñyon resins.  Other analytical techniques have 
also been used to identify terpenoid compounds.  Sauter et al. (1987) detected the 
triterpenoid, betulin, in Iron Age tar using both 1H and 13C nuclear magnetic resonance 
spectroscopy (NMR), confirming the tar was produced from birch. 
Methodology 
Possible contaminants were removed by grinding off exterior surfaces of each 
sample with a Dremel® tool fitted with a silicon carbide bit.  Immediately thereafter, it was 
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crushed with a hammer mortar and pestle and the powder transferred to an Erlenmeyer 
flask.  Lipids were extracted using a variation of the method developed by Folch et al. 
(1957).  The powdered sample was mixed with a 2:1 mixture, by volume, of chloroform and 
methanol (2 × 25 mL) using ultrasonication (2 × 10 min).  Solids were removed by filtering 
the solvent mixture into a separatory funnel.  The lipid/solvent filtrate was washed with 13.3 
mL of ultrapure water.  Once separation into two phases was complete, the lower 
chloroform-lipid phase was transferred to a round-bottomed flask and the chloroform 
removed by rotary evaporation.  Any remaining water was removed by evaporation with 2-
propanol (1.5 mL); 1.5 mL of chloroform-methanol (2:1, v/v) was used to transfer the dry 
total lipid extract to a screw-top glass vial with a Teflon®-lined cap.  The resulting total 
lipid extract was flushed with nitrogen and stored in a -20°C freezer. 
Preparation of FAMES 
 A 400 µL aliquot of the total lipid extract solution was placed in a screw-top test 
tube and dried in a heating block under nitrogen.  Fatty acid methyl esters (FAMES) were 
prepared by treating the dry lipid with 3 mL of 0.5 N anhydrous hydrochloric acid in 
methanol (68oC; 60 min).  Fatty acids that occur in the sample as di- or triglycerides are 
detached from the glycerol molecule and converted to methyl esters.  After cooling to room 
temperature, 2.0 mL of ultrapure water was added.  FAMES were recovered with petroleum 
ether (2 × 1.5 mL) and transferred to a vial.  The solvent was removed by heat under a 
gentle stream of nitrogen; the FAMES were dissolved in 75 µL of iso-octane then 
transferred to a GC vial with a conical glass insert. 
  
 
 
 
102 
Preparation of TMS derivatives 
 A 200 µL aliquot of the total lipid extract solution was placed in a screw-top vial and 
dried under nitrogen.  Trimethylsilyl (TMS) derivatives were prepared by treating the lipid 
with 70 µL of N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) containing 1% 
trimethylchlorosilane, by volume (70ºC; 30 min).  The sample was then dried under nitrogen 
and the TMS derivatives were redissolved in 100 µL of hexane. 
Solvents and chemicals were checked for purity by running a sample blank.  Traces 
of fatty acid contamination were subtracted from sample chromatograms.  The relative 
percentage composition was calculated by dividing the integrated peak area of each fatty 
acid by the total area of fatty acids present in the sample. 
In order to identify the residue on the basis of fatty acid composition, the relative 
percentage composition was determined first with respect to all fatty acids present in the 
sample (including very long chain fatty acids) and second with respect to the ten fatty acids 
utilized in the development of the identification criteria (C12:0, C14:0, C15:0, C16:0, 
C16:1, C17:0, C18:0, C18:1w9, C18:1w11 and C18:2) (not shown).  The second step is 
necessary for the application of the identification criteria presented in Table 2.  It must be 
understood that the identifications given do not necessarily mean that those particular foods 
were actually prepared because different foods of similar fatty acid composition and lipid 
content would produce similar residues (see Table 3).  It is possible only to say that the 
material of origin for the residue was similar in composition to the food(s) indicated.  High 
temperature gas chromatography and high temperature gas chromatography with mass 
spectrometry is used to further clarify the identifications.  
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Gas Chromatography Analysis Parameters 
 The GC analysis was performed on a Varian 3800 gas chromatograph fitted with a 
flame ionization detector connected to a personal computer.  Samples were separated using 
a VF-23 fused silica capillary column (30 m × 0.25 mm I.D.; Varian; Palo Alto, CA).  An 
autosampler injected a 3 µL sample using a split/splitless injection system.  Hydrogen was 
used as the carrier gas with a column flow of 1.0 mL/min.  Column temperature was 
increased from 80oC to 140oC at a rate of 20oC per minute then increased to 185oC at a rate 
of 4oC per minute.  After a 4.0 minute hold, the temperature was further increased to 250oC 
at 10oC per minute and held for 2 minutes.  Chromatogram peaks were integrated using 
Varian MS Workstation® software and identified through comparisons with external 
qualitative standards (NuCheck Prep; Elysian, MN). 
High Temperature Gas Chromatography and Gas Chromatography with Mass Spectrometry 
Both HT-GC and HT GC-MS analyses were performed on a Varian 3800 gas 
chromatograph fitted with a flame ionization detector and a Varian 4000 mass spectrometer 
connected to a personal computer.  For HT-GC analysis, the sample was injected onto a DB-
1HT fused silica capillary column (15 m × 0.32 mm I.D.; Agilent J&W; Santa Clara, CA) 
connected to the flame ionization detector, using hydrogen as the carrier gas.  The column 
temperature was held at 50oC for 1 minute then increased to 350oC at a rate of 15oC per 
minute and held for 26 minutes.  For HT-GC/MS analysis, samples were injected onto a 
DB-5HT fused silica capillary column (30 m × 0.25 mm I.D.; Agilent J&W; Santa Clara, 
CA) connected to the ion trap mass spectrometer in an external ionization configuration 
using helium as the carrier gas.  After a 1 minute hold at 50oC, the column temperature was 
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increased to 180oC at a rate of 40oC per minute then ramped up to 230oC at a rate of 5oC per 
minute and finally increased to 350oC at a rate of 15oC per minute and held for 27.75 
minutes.  The Varian 4000 mass spectrometer was operated in electron-impact ionization 
mode scanning from m/z 50-700.  Chromatogram peaks and MS spectra were processed 
using Varian MS Workstation® software and identified through comparisons with external 
qualitative standards (Sigma Aldrich; St. Louis, MO and NuCheck Prep; Elysian, MN), 
reference samples and the National Institute of Standards and Technology (NIST) database. 
Results of Archaeological Data Analysis 
Sample descriptions and compositions of the extracted lipid residues are presented in 
Table 4.  The term, Area, represents the area under the chromatographic peak of a given 
fatty acid, as calculated by the Varian MS Workstation® software minus the solvent blank.  
The term, Rel%, represents the relative percentage of the fatty acid with respect to the total 
fatty acids in the sample.  Hydroxide or peroxide degradation products can interfere with the 
integration of the C22:0 and C22:1 peaks; these fatty acids were excluded from the analysis. 
The presence of lipid biomarkers and distributions of triacylglycerols (TAGs) were 
determined through HT-GC and HT-GC/MS.  The data obtained is useful for distinguishing 
plant residues, animal residues and plant/animal combinations.  The sterol cholesterol is 
associated with animal products; β-sitosterol, stigmasterol and campesterol are associated 
with plant products.  The presence and abundance of TAGs varies with the material of 
origin.  When present, amounts of TAGs tend to decrease with increasing numbers of 
carbon atoms in plant residues.  The peak arising from C48 TAGs is largest and peak size 
(and area) progressively decreases with the C54 TAG peak being the smallest.  A line drawn 
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to connect the tops of the C48, C50, C52 and C54 TAG peaks slopes down to the right.  In 
animal residues, amounts of TAGs tend to increase with carbon numbers, with the C52 or 
C54 TAG peaks being the largest.  A line drawn to connect the tops of the C48, C50, C52 
and C54 TAG peaks either resembles a hill or the line slopes up to the right.  A parabola-
like pattern, such as the shape of a “normal distribution,” can also occur in the residues of oil 
seeds that contain high levels of C18:1 isomers. 
Residues 12NE 1 and 12NE 3 were very similar in terms of their fatty acid 
composition. They both have very high levels of medium chain fatty acids (sum of C12:0, 
C14:0 and C15:0), which is typical of low fat content plants; highly degraded residues from 
freshwater fish have similar composition. A wide variety of plant roots, greens and berries 
produce low fat content residues so other approaches (such as starch, phytolith and/or pollen 
analyses) are required to refine the identification. The only animal food known to produce 
degraded cooking residues with very high levels of medium chain fatty acids is camel’s milk 
(Table 3). The levels of C18:1 isomers in these residues are slightly below 15% (the cut-off 
for medium fat content foods); however, the residue appears to be highly degraded. If these 
foods are present, medium fat content archaeological residues can represent the degraded 
cooking residues of a variety of plant and animal foods. Maize/corn, mesquite and cholla are 
examples of plant foods that produce medium fat content residues.  Freshwater fish, terrapin, 
Rabdotus snail and late winter, fat-depleted elk are examples of animal foods that produce 
medium fat content residues. Presence of animal in both residues is confirmed on the basis 
of the presence of cholesterol. The presence of plants is confirmed by the detection of β-
sitosterol in residue 12NE 3; it probably occurs in residue 12NE 1. The ratio of C48, C50, 
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C52 and C54 triacylglycerols (TAGs) in residue 12NE 1 is 4.1: 2.4: 1: 1.5; this TAG 
distribution is consistent with a plant and animal combination. No TAGs were detected in 
residue 12NE 3.  
 The fatty acid composition of residue 12NE 2 is characterized by a high level of 
C18:0, about 50%. Similarly high levels of the fatty acid C18:0 is a characteristic of the 
decomposed cooking residues of large herbivores, such as deer, bison and moose; other 
foods known to produce similar residues include javelina meat and the seed oils of certain 
tropical plants, such as sotol (Tables 2 and 3).  Cholesterol was detected, confirming the 
animal origin.  The ratio of C48, C50, C52 and C54 triacylglycerols (TAGs) in residue 
12NE 1 is 1: 1.9: 2.4: 1.1, which shows the residue is dominated by animal products but 
traces of plants may be present. 
The samples from which residues 12NE 2 and 12NE 3 were extracted were collected 
from the same archaeological feature, but, as outlined above, the two were markedly 
different with respect to lipid composition. Another difference was the concentration of fatty 
acids in the lipid residues extracted from the samples. On a per gram basis, the concentration 
of fatty acids in residue 12NE 2 was almost 13 times higher than that in residue 12NE 3. 
Although the compositions of residues 12NE 1 and 12NE 3 were similar, on a per gram 
basis, the concentration of fatty acids in residue 12NE 1 was about 1.7 times that of residue 
12NE 3. This would seem to indicate that the function of the three rocks and/or the means of 
residue introduction may have been quite different.  
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Table B1.2.  Criteria for the identification of archaeological residues based on the 
decomposition patterns of experimental cooking residues prepared in pottery vessels. 
 
 
Identification Medium Chain C18:0 C18:1 isomers 
Large herbivore ≤ 15% ≥ 27.5% ≤ 15% 
Large herbivore with plant 
OR Bone marrow 
low ≥ 25%  15% ≤ X ≤ 25% 
Plant with large herbivore  ≥ 15%   ≥ 25% no data 
Beaver low Low ≥ 25% 
Fish or Corn low ≤ 25% 15% ≤ X ≤ 27.5% 
Fish or Corn with Plant ≥ 15% ≤ 25% 15% ≤ X ≤ 27.5% 
Plant (except corn) ≥ 10% ≤ 27.5% ≤ 15% 
 
 
Table B1.3.  Known Food Sources for Different Types of Decomposed Residues. 
 
Decomposed Residue 
Identification 
Plant Foods Known to 
Produce Similar Residues  
Animal Foods Known To 
Produce Similar Residues 
Large herbivore 
 
Tropical seed oils, including 
sotol seeds 
Bison, deer, moose, fall-early 
winter fatty elk meat, 
Javelina meat 
Large herbivore with plant 
OR Bone marrow 
  
Low Fat Content Plant 
(Plant greens, roots, berries) 
Jicama tuber, buffalo gourd, 
yopan leaves, biscuit root, 
millet 
Cooked Camel’s milk 
Medium-Low Fat Content 
Plant 
Prickly pear, Spanish dagger None 
Medium Fat Content 
(Fish or Corn) 
Corn, mesquite beans, cholla Freshwater fish, Rabdotus snail, 
terrapin, late winter fat-depleted 
elk 
Moderate-High Fat Content 
(Beaver) 
Texas ebony Beaver and probably raccoon or 
any other fat medium-sized 
mammals 
High Fat Content High fat nuts and seeds, 
including acorn and pecan 
Rendered animal fat (other than 
large herbivore), including bear fat 
Very High Fat Content Very high fat nuts and seeds, 
including pine nuts 
Freshly rendered animal fat (other 
than large herbivore) 
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Table B1.4. Sample Descriptions and Compositions of Lipid Residues from Site 
13ML62. 
Fatty acid 
12NE 1 12NE 2 12NE 3 
Area Rel% Area Rel% Area Rel% 
C12:0 90275 21.32 63060 1.95 46288 22.77 
C14:0 108361 25.60 114214 3.52 47358 23.30 
C14:1 8523 2.01 0 0.00 0 0.00 
C15:0 45317 10.70 42479 1.31 9193 4.52 
C16:0 92457 21.84 893256 27.55 60537 29.78 
C16:1 4442 1.05 25915 0.80 2811 1.38 
C17:0 8718 2.06 94803 2.92 5117 2.52 
C17:1 0 0.00 10886 0.34 0 0.00 
C18:0 7005 1.65 1636529 50.48 3257 1.60 
C18:1s 50011 11.81 329881 10.17 25645 12.61 
C18:2 3547 0.84 3628 0.11 2773 1.36 
C18:3s 0 0.00 0 0.00 0 0.00 
C20:0 1206 0.28 25300 0.78 314 0.15 
C20:1 3487 0.82 2153 0.07 0 0.00 
C24:0 0 0.00 0 0.00 0 0.00 
Total 423349 100.00 3242104 100.00 203293 100.00 
Peak Ratios of 
C48, C50, C52 
and C54 
Triacyl-
glycerols 
(TAGs) 
4.1: 2.4: 1: 1.5  
Plant and animal 
distribution, 
dominated by plant 
products 
1: 1.9: 2.4: 1.1 
Animal distribution, 
plant products may be 
present 
None detected 
Biomarkers 
Cholesterol; 
probably 
β-sitosterol 
Cholesterol Cholesterol;  β-sitosterol 
Sample 
Description Fire-cracked rock Fire-cracked rock  
Fire-cracked rock 
”scraper” sandstone 
Feature 2 3 3 
Mass (g) 36.439 36.618 29.370 
Identification 
Combination of low 
fat content plant 
and medium fat 
content plant or 
animal food; 
dominated by plant 
products 
Large herbivore; 
possible traces of plant 
Combination of low 
fat content plant and 
medium fat content 
plant or animal food; 
dominated by plant 
products 
 
 
